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Results of habitat fragmentation studies on grassleuid 
and wetland birds are not consistent. Some studies have 
found positive relationships among abundance, nest success, 
field size, emd distcuice to edges, whereas others have found 
no relationship. One reason for differing results may be the 
landscape composition in which the study took place. I 
examined how landscape coiQ)osition influenced relations 
eunong: 1) occurrence and eibundance of grassland songbirds 
emd field size, and 2) nest success of ducks, field size, and 
edges. I also investigated the effects of mowing on 
grasslemd songbirds, and how landscape features, such as 
amount of perennial grassleuid, and predator community 
conposition influenced the nest success of ducks in fields. 
The study took place in the Prairie Pothole Region of central 
North Dakota during the 1996-1997 breeding seasons. Two 
types of 6.4 x 6.4 km study areas were selected based on the 
amount of perennial grassland they contained: 15-20%, and 
51-55%. The remaining portion of the study cireas was 
primarily cropland and wetlsmd. Within the four study areas 
used, I conducted 281 point counts and found 1,810 duck nests 
in 46 grassland fields, enrolled in the Conservation Reserve 
Program, ranging in size from 2-606 ha. Landscape 
conqposition influenced relations between field size and 
V 
relative abundance of 3 grassland songbird species. As the 
amount of perennial grassland in the landscape increased, the 
species' abundcuices in smaller fields increased. Nest 
success of ducks in fields increased as field size increased, 
and was greater in study areas with 51-55% grassland compared 
to 15-20% grassland. I detected eui interaction between nest 
success of ducks euid distance to nearest field edge. In 
study areas with 51-55% grassleuid, I found a positive 
relationship between probability of an individual nest 
hatching and distance to nearest field edge, while in study 
areas with 15-20% grassland, I found no relationship and 
probability of hatching was low. Future studies examining 
the influence of hedsitat loss and fragmentation on grassland 
and wetland birds should tcUce into account the leuidscape 
context in v^ ich the study tcUces place. 
1 
CBAPTBR 1. 6BHBRAL INTRODUCTZOH 
Introduction 
In recent decades, populations of grassland cuid wetland 
birds nesting in the United States have decreased in size 
(Askins 1993, Knopf 1994, Igl and Johnson 1997). In fact, 
the size of grassland bird populations, as a group, is 
decreasing at a greater rate than any other group of birds 
(Droege and Sauer 1994, Knopf 1994, Herkert 1995). Igl and 
Johnson (1997) noted that 11 of 12 bird species with 
decreasing populations jLn North Dakota between 1967 and 1993 
were associated with wetleuids or grassleuids even though 
grassland and wetlcuid birds conq)rise < 50% of the breeding 
avifauna. 
Population declines of grassland and wetland birds have 
been attributed to factors both on the wintering (Rappole and 
McDonald 1994) and breeding (Igl emd Johnson 1997) grounds. 
Factors influencing population decreases on the breeding 
grounds include the loss and fragmentation of habitat 
(Herkert 1994, vickery et al. 1994, Warner 1994), land-use 
changes (Bernstein et al. 1990, Knopf 1994), €md mowing of 
grassland fields during the breeding season (Bollinger et al. 
1990, Frawley euid Best 1991). 
Habitat fragmentation creates smaller habitat patches 
within a matrix of unusable habitat (Meffe emd Carroll 1994, 
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Primack 1995). Birds nesting in sincU.ler habitat patches may 
be more susceptible to nest predation theui those nesting in 
larger patches or areas of continuous habitat (Johnson and 
Ten^ le 1990, Ball et al. 1995, Greenwood et al. 1995). In 
fragmented habitats, grassland songbirds may not be able to 
find patches large enough to meet their requirements (Helzer 
and Jelinski 1999, Winter euid Fei£Ux)rg 1999), and their nests 
may be more susceptible to parasitism by the Brown-headed 
Cowbird, Molothrus ater (Johnson and Temple 1990). A second 
consequence of habitat fragmentation is a change in the 
amount of edges (Meffe cuid Carroll 1994, Primack 1995). Bird 
species nesting close to edges may be more susceptible to 
nest predation (Crcdstree et al. 1989, PasitschnieUc-Arts and 
Messier 1995, 1996), and cUsundcUice of S(»ne songbirds is 
decreased at short distances from permanent edges such as 
roads (Clark and Keirr 1979, Reijnen et al. 1996). 
Chcuiges in land use eU.ter chcuracteristics of individual 
fields and the landscape, which in turn influence bird 
populations. For example, Bollinger €Uid Gavin (1992) 
observed decreased Bobolink, Dolxchonyx oryzivorus, abundance 
in idled hayfields over time due to the invasion of woody 
vegetation. Landscape features surrounding a field may 
influence the occurrence, abundance, and nest success of 
birds within the field (Wiens 1989, Freemark et al. 1995, 
Herkert et al. 1996). McCoy (1996) found that Sedge Wren, 
3 
Cistothorus platensis, occurrence was negatively influenced 
by the amount of forest within 1 km of a grassland field. 
Williams et al. (1999) found that, as the amount of perennial 
grassleuid in the landscape increased, the nest success of 
ducks increased. 
)K>wing of grassland fields is a common agricultural 
practice. In North DeUcota during 1996 and 1997, mowing took 
place on approximately 266,000 (20%) of 1,287,000 ha of 
grassland fields enrolled in the Conservation Reserve Program 
(Kruse 1998). Despite the widespread mowing of Conservation 
Reserve Program fields, we still know little about mowing 
effects on grassland birds (Igl and Johnson 1995). Previous 
studies indicate that there are at least four effects of 
mowing on grassland birds: 1) mowing changes the vegetative 
characteristics of a field, thereby altering the field's 
suitability for individual grassland-bird species (Owens and 
Myres 1973, Dale et al. 1997), 2) mowing during the breeding 
season results in the destruction euid abandonment of active 
nests (Bollinger et al. 1990, Frawley and Best 1991, Dale et 
al. 1997), 3) mowing displaces birds, causing an influx of 
birds to neighboring fields (Bryan and Best 1991, igl 1991), 
euid 4) mowing during the breeding season may result in lower 
breeding densities the next year due to low reproductive 
success and reduced site fidelity (Bollinger 1995, Dale et 
al. 1997). 
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To better understand the factors influencing population 
chcuiges, I studied how hcU)itat features at both the landscape 
and patch scale influence the occurrence, abundance, cuid nest 
success of grassland and vietland birds. Specifically, I 
examined: 1) the effects of landscape composition and field 
size on the occurrence eUid cibundance of grassland songbirds 
(Chapter 2), 2) the abundance of songbirds the year after 
mowing of grassland fields (Chapter 3), 3) the effects of 
landscape con^ sition, field size, eUid edges on the nest 
success of ducks (Chapter 4), and 4) the nest success of 
ducks in fields in relation to landscape features, such as 
eUDOunt of perennial grassleuid, and predator community 
composition (Chapter 5). 
The research took place during the 1996-1997 breeding 
seasons in the Prairie Pothole Region of central North 
Dakota, aSA. The Prairie Pothole Region is one of the most 
important areas in North America for the production of 
waterfowl, for approximately 50% of the continent's ducks 
fledge in the Region (Bellrose 1976, Cowardin et al. 1983, 
Batt et al. 1989). The area also supports a diverse and 




This dissertation is divided into six chapters. Chapter 
1 contains a general introduction to my dissertation research 
including a review of pertinent literature. Chapter 3 is a 
paper that has been accepted by the Wildlife Society 
Bulletin. Chapters 2, 4, and 5 are being prepared for 
journal submission to The Auk, Ecological Applications, and 
Journal of wildlife Management, respectively. Chapter 6 
contains general conclusions derived from my dissertation 
work. All sections of this dissertation were written by D. 
J. Horn cuid edited by R. R. Koford and W. R. Clark. 
Literature Review 
The influence of landscape ctxaposition on habitat 
fragmentation studies,—If heUsitat fragmentation has a 
negative effect on grassland and wetland birds, we would 
expect to find positive relationships among abundance and 
nest success of birds, field size, euid distance to edges. 
Results from published studies, however, have been 
inconsistent. Some studies have found positive relationships 
while others have found no relations. 
One reason for the conflicting results among habitat 
fragmentation studies may be differences in the landscape 
context in which the studies took place (Andr^ n 1994, 
McGarigal and NcComb 1995). Specifically, the effects of 
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fragmentation may be greatest in landscapes with the least 
amount of suitable habitat (McLellcUi et al. 1986, Fahrig 
1998). For exanqple, Donovan et al. (1997) found eui 
interaction among predation rate of artificial nests, 
Icuidscape type, and whether a nest was in edge or core 
habitat. In highly fragmented landscapes, the predation rate 
was high in both edge and core habitats, while in moderately 
fragmented landscapes, the predation rate was high in edge 
habitats, but significeuitly lower in core habitats. In 
unfragmented landscapes, the predation rate was low in both 
edge and core hcd^ itats. 
Landscape ccmposition, fragmentation, and occurrence and 
abundance of grassland songbirds.—Species that have a 
greater probability of occurrence and/or abundance as the 
area of a given hcd^ itat increases are termed "area sensitive" 
(Whitcomb et al. 1981). Previous studies on the area 
sensitivity of grassland birds have been conducted in Maine 
(Vickery et ctl. 1994), Illinois (Herkert 1994, Walk and 
Wemier 1999), Missouri (Scunson 1980, winter euid Facdx>rg 
1999), and Nebraska (Helzer and Jelinski 1999). 
Results of studies on the area sensitivity of grassland 
songbirds have been inconsistent. For exan^ le, Vickery et 
al. (1994) found a positive relationship between Eastern 
Meadowlark, Stumella magna, occurrence and field size, while 
Walk and Warner (1999) observed Eastern Meadowlark in all of 
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the fields used in their study. 
One reason for differences among area sensitivity 
studies may be differences in landscape composition (Robinson 
1993, Freemark et al. 1995, Herkert et eil. 1996, Villard 
1998). Simulation and empirical studies have found that as 
the amount of suitable habitat in the landscape increased, 
more habitat patches were occupied cuid the density of birds 
was greater in occupied patches (Andr^ n 1996, Bellamy et al. 
1996, Venier and Fahrig 1996, 1998). Thus, we would expect 
area-sensitive species to occupy a higher proportion of small 
patches in landscapes with greater amounts of suitable 
habitat (Herkert et al. 1996). Freemark and Collins (1992) 
found more cirea-sensitive species in forest patches within 
Icuidscapes with greater amounts of forest cover. Robbins et 
al. (1989) found that the relationship between occurrence and 
patch size for area-sensitive species was most pronounced in 
landscapes with low cunounts of forest. 
Landscape cowposition, fragmentation, and nest success 
of ducks,—Results of recent habitat fragmentation studies on 
the nest success of ducks have been inconclusive. Some 
studies have found greater nest success in larger fields 
compared to smaller fields or strip habitats (Krasowski and 
Nudds 1986, Klett et al. 1988, Kcuitrud 1993), while other 
studies have found no relationship (reanalysis of Duebbert 
and Lokemoen [1976] by Clark and Nudds [1991]) or relatively 
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low nest success in large fields (Livezey 1981, Greenwood 
1986). Similcurly, some studies have found positive 
relationships between probcUaility of hatching and distance to 
nearest field edge (Pasitschniak-Arts and Messier 1995, 
1996), while others have found no relationship (Pasitschniak-
Arts et al. 1998). Clark and Nudds (1991) suggested that the 
relationship between nest success of ducks and field size was 
influenced by landscape con^ sition. 
One possible explanation for the proposed interaction 
among nest success, landscape con^ sition, and field size may 
be that habitat loss and fragmentation influence predator 
community composition (Sargeant et al. 1993, Rosenblatt et 
al. 1999) which in turn influences nest success (Johnson et 
al. 1989). For example. Greenwood et ea. (1995) suggested 
that coyotes, Canls latrans, were more likely to persist in 
landscapes with leurge amounts of grassland. Coyotes are 
likely to displace red fox, Vulpes vulpes, a major nest 
predator (Sargeant 1972, Sargeant et al. 1984), and nest 
success is greater in landscapes «^ ere coyotes cire the 
dominant canid (Sovada et al. 1995). Thus, as the amount of 
grassleuid in the landscape increases, nest success in large 
fields should also increase. 
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CHAPTER 2. EFFECTS OF FIELD SIZE AHD LANDSCAPE 
COMPOSITION ON THE OCCURRENCE AND RELATIVE ABUNDANCE 
OF GRASSLAND BIRDS 
A paper to be submitted to The Auk 
David Joseph Horn euid Rolf R. Koford 
Abstract 
Several grassland bird species have been shown to be 
area sensitive, that is, to avoid smaller fields. However, 
the detection of area sensitivity is not consistent among 
studies; a species may exhibit area sensitivity in one study, 
but not in another. We tested the hypothesis that the 
relations between probability of occurrence, and relative 
abundance, and habitat-patch size varies depending on 
landscape con^ sition. We con^ ared relations between field 
size and 1) probability of occurrence of grassland birds and 
2) relative abundance, in two study-area types differing in 
grassland composition in North Dakota. We c^ npared relations 
between field size eUid 1) probability of occurrence euid 2) 
relative abundance, in two study-area types that differed in 
the amount of reseeded croplauid enrolled in the Conservation 
Reserve Program (CRP) in south-central Iowa. Three species 
in North Dakota displayed variable £u:ea-sensitivity: 
Grasshopper Sparrow, Aanodramas savannaram. Bobolink, 
Dolicbonyx ozyzivorus, and Red-winged Blackbird, Agelcuus 
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pboeniceus. For all three species, as the amount of 
grassland in the study area increased, the species' relative 
abundance in smaller fields increased. No species in Iowa 
displayed Vcuriable €u:ea-sensitivity. Future studies 
examining the influence of habitat loss and fragmentation on 
grassleuid songbirds should take into account the landscape 
context in which the study teUces place. 
Introduction 
In recent decades, several grassland bird species 
experienced declines in population size in the United States 
including Dickcissel {Spiza americana), Saveuuieih Sparrow, 
(Passerculus sandwichensis), Grasshopper Sparrow (Amodramus 
savaimarum), Henslow's Sparrow, (Amaodramus benslowii), Le 
Conte's Sparrow (Aawodramus leconteii), Eastern Meadowlark, 
(Stumella magna), and Western Meadowlark (Sturnella 
neglecta) (Askins 1993, Knopf 1994, Igl and Johnson 1997). 
Birds nesting in grasslands, as a group, experienced greater 
declines in population size than any other group of birds 
(Droege and Sauer 1994, Knopf 1994, Herkert 1995). Declines 
of grassleuid bird populations have been attributed to factors 
on the wintering (Rappole and IfcDonald 1994) euid breeding 
grounds (Igl euid Johnson 1997), including loss or 
fragmentation of grassland habitats (Anonymous 1983, Herkert 
1994b, vickery et al. 1994, Warner 1994), changes in land use 
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(Bernstein et al. 1990, Knopf 1994), and mowing of grassland 
fields during the breeding season (Bollinger et al. 1990, 
Frawley and Best 1991). 
Loss or fragmentation of grassland hcUaitats results in 
smaller habitat patches within a matrix of unsuitable habitat 
(Heffe euid Carroll 1994). Size of grassland fields may be a 
determinant of bird-community composition, with larger fields 
having a greater species richness and abundance (Samson 1980, 
Herkert 1994b, Vickery et al. 1994). Bird species that are 
found more often in larger fields than smaller fields are 
termed "area sensitive" (Whitcomb et al. 1981). Neuiy species 
of grassland birds are considered area sensitive, including 
Northern Harrier (Circus cyaneus), Greater Prairie-Chicken, 
(Tynpanuchus cupido), Upland Sandpiper (Bartramia 
longicauda), Sedge Wren {Cistothorus platensis), Vesper 
Speurrow (Pooecetes gTaminens), Lark Speirrow {Chondestes 
gram^ cus), Saveumah Sparrow, Grasshopper Sparrow, Henslow's 
Sparrow, Bobolink (Dollcbonyx oryzivorus), Eastern 
Meadowlark, and Western Meadowlark (Samson 1980, Herkert 
1994a, b, Vickery et al. 1994, Helzer and Jelinski 1999). 
In addition to patch size, the surrounding Icuidscape 
also may be a determinant of species coiq>osition in a patch 
(Wiens 1989, Freemeirk et al. 1995, Herkert et al. 1996, 
Estades and Ten^ le 1999). In Missouri, McCoy (1996) observed 
that both the occurrence and abundance of several grassland-
23 
bird species were influenced by landscape features within 1 
and 5 km of a grass field. For example, the occurrence of 
the Song Sparrow, Melospiza melcxiia, was positively 
influenced by the amount of core grassland area within 1 km 
(McCoy 1996). In Illinois, Warner (1994) found the greatest 
density of grassland-songbird nests in a study plot with the 
largest amount of grassland, more grassy corridors, and less 
row-crop habitat. 
Previous studies demonstrating area sensitivity in 
grassleuid birds have been conducted in the northeastern 
(Maine: vickery et al. 1994) and midwestern (Illinois: 
Herkert 1994b, Walk and Warner 1999; Missouri: Winter and 
Faaborg 1999; Nebraska: Helzer cmd Jelinski 1999) United 
States, where perennial grasslcuids cure surrounded by 
croplcuid, forest, or residential cireas. In the northern 
Great Plcu.ns, however, v^ ere the percentage of grasslamd in 
the Icuidscape is considercQ>ly greater, R. R. Koford (unpubl. 
data) found little indication of area sensitivity of 
grassleuid birds. 
Some of the variaibility in area-sensitivity studies may 
be due to investigators using different methods or defining 
area sensitivity differently (Horn et al. in press). For 
exan^ le, the eeurlier definition (an area sensitive species is 
found more often in larger fields than smaller fields 
[Whitccxnb et al. 1981]) seems to allow for species that might 
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be settling randomly (Connor and McCoy 1979), and/or that 
singly require a Ictrge amount of hcU>itat for a single home 
range, to be area sensitive. Horn et al. (in press), using 
simulations, found positive relationships between probcibility 
of occurrence and field size for bird species that settled in 
fields randomly when fields were sampled in proportion to 
field size, but not when equal-effort SeUiqpling was used. 
Studies have indicated that large-bodied species, such as 
Northern Hcirrier, are curea sensitive, but the field sizes 
used to make that determination were smaller than the 
species' home range size (Walk and Warner 1999, MacWhirter 
and Bildstein 1996). We define an area-sensitive species as 
one that exhibits non-reuidom avoidance of small fields that 
are larger than its territory size (Askins et al. 1990, Horn 
et al. in press). 
To reconcile conflicting results among studies, we 
propose the variable area-sensitivity hypothesis. The 
hypothesis states that the relation between em eirea-sensitive 
species' prob€U3ility of occurrence, and relative eU)undance, 
in a field, cuid h£d>itat-patch size changes based on landscape 
composition (Robinson 1993, Freemark et «•.. 1995, Herkert et 
al. 1996, villard 1998). We made three predictions frcxa the 
hypothesis: 1) in study areas with little nesting habitat, 
there will be few detections of a species and no relation 
between probability of occurrence, or relative cibundance, and 
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field size, 2) for the same species in study areas with 
moderate amounts of nesting habitat, there will be positive 
relationships between probability of occurrence and field 
size, and between relative edaundance and field size, and 3) 
in study areas with large amounts of nesting habitat, there 
will be many detections of a species and no relationship 
between probeibility of occurrence and field size. However, 
there may be a positive relationship between relative 
abundance euid field size. 
These predictions follow from our general understanding 
of how migratory birds settle in breeding habitat. 
Simulations eUid en^ irical studies have shown that in 
landscapes with relatively high amounts of suited>le hcUsitat, 
more heU^ itat patches are expected to be occupied, and density 
is greater in occupied patches, than in landscapes with 
relatively little habitat (Andrdn 1996, Bellainy et al. 1996, 
Herkert et al. 1996, Venier and Feihrig 1996, Venier and 
Fahrig 1998). For excunple, Askins et al. (1987) found a 
greater density of forest-interior species in large patches 
surrounded by greater amounts of woodland. Area-sensitive 
species would prefer large patches and settle in them first, 
settling in progressively smaller patches as local density 
increased in the large patches. 
If Icurge numbers of an area-sensitive species are 
attracted to Icuidscapes with much suitable habitat, all but 
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the smallest patches in such landscapes vrould be occupied. 
Thus, a relationship between occurrence euid patch size would 
not be detected. The relative abundance of birds, however, 
may be greater in larger patches (prediction 3). in 
landscapes with little suitcd^ le hedsitat, fewer birds would 
attempt to settle eind only a few of the largest patches would 
be occupied. A relation between probability of occurrence, 
or relative abundance, and patch size may not be detected 
(prediction 1); it would certainly be difficult, with few 
detections of the species and a small number of fields, to 
find a significant statistical relationship. In landscapes 
with moderate amounts of nesting habitat, in which a moderate 
number of birds attempt to settle, large patches would be 
occupied, some medium-sized patches would be occupied, but 
smaller patches would not be occupied. This would result in 
a positive relationship between probability of occurrence, 
and relative eU3undance, and patch size (prediction 2). The 
amount of habitat necesscury to meet these predictions will 
most likely vary among species. 
we do not know the mechanisms responsible for curea 
sensitivity in grassland songbirds. Whitcomb et al. (1981) 
suggested that area-sensitive species have a psychological 
need for a buffer of additional habitat curound em individual 
territory. If decreased nest success in smaller patches, cuid 
decreased nest success close to edges, resulted in natural 
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selection for birds nesting in large patches, it may lead to 
species displaying area sensitivity. Area-sensitive species 
may settle in patches in Icuidscapes with much suitable 
hcd>itat at greater densities because these landscapes are 
more likely to have large patches. 
We tested the VcuricUsle area-sensitivity hypothesis on 
grassland birds in both central North Dakota and south-
central Iowa by coiif>aring the relations between species' 
probabilities of occurrence, and relative abundances, and 
field size between study-area types that differed in their 
grassland composition. In central North Dakota, we con^ cured 
the relations between study-€Lrea types that differed in the 
eunount of perennial grassland. In south-central Iowa, we 
contoured the relations between study-cirea types that differed 
in the amount of reseeded cropleuid enrolled in the 
Conservation Reserve Program (CRP). 
Study Area and Methods 
North Dakota study areas.—^ He conducted the study in the 
Prairie Pothole Region of central North Dakota during the 
summers of 1996-1997. Two types of 6.4 x 6.4 km study cireas 
were selected based on the amount of perennial grasslemd they 
contained: moderate grassland emd high grassland. Moderate-
grasslcuid study areas contained 15-20% perennial grasslamd. 
The perennial grasslemd consisted of reseeded cropleuid 
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enrolled in the CRP or Water Bank Program (WBP) (12-15%), 
hayland (0-2%), and pastureland (3%). The majority of the 
study cirea was cropland (63-76%) such as wheat, sunflower, 
canola, com, and beans, wetland (7-15%), and other (2%). 
Data were collected on two moderate-grassland study cireas. 
In 1996, the NW corner of the study area was the NW comer of 
section 34 of Svea Township in Bames County, and in 1997 the 
NW comer of the study area was section 12 of Berlin Township 
in Wells County. High-grassland study areas contained 51-55% 
perennial grassleuid. The perennial grassland consisted of 
CRP and WBP land (24-26%), hayland (2-5%), and pastureland 
(21-30%). The remainder of the study area was cropland (26-
39%), wetland (8-18%), and other (2%). The major differences 
between the moderate- and high-grassleuid study cireas were the 
approximate doubling of CRP and WBP land, and the increase in 
other types of perennial grassland, particuleurly pasturelcuid, 
in high-grassleuid study areas. We collected data on two 
high-grassland study euceas. In 1996, the NW comer of the 
study eurea was the NW comer of section 20 of Iosco Township 
in Stutsman County, and in 1997 the NW comer of the study 
area was the NW comer of section 6 of Silver Lake Township 
in Wells County. 
lotm study areas.—The research took place in south-
central Iowa in AdcUx, Ringgold, and Union counties during 
the summer of 1998. Two types of 6.4 x 6.4 km study areas 
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were selected based on the amount of CRP land they contained: 
moderate grassleuid and high grassland. Our three moderate-
grassland study areas contained 4-6% CRP land. The remainder 
of the study-curea type was hay land (7%), pastureland (9-19%), 
cropland (mostly com and soybeans) (57-61%), and other (e.g. 
forest and buildings) (11-19%). The NW corner of the first 
study area was the NW comer of section 18 of Union Township 
in Adair county. The NW comers of the second and third 
study cureas were the NW compr of section 17 of Douglas 
Township and section 8 of Spaulding Township in Union County. 
Our two high-grassIcuid study areas contained 18-28% CRP land. 
The remainder of the study-eurea type was hayland (7-11%), 
pastureland (12-15%), cropland (22-30%), and other (19-38%). 
The NW corners of the study areas were the NW comer of 
section 1 of Middle Fork Township and section 19 of Monroe 
Township in Ringgold County. The major differences between 
the moderate- euid high-grassland study areas were the greater 
eunounts of CRP and forest land in high-grassland study areas. 
In contrast to study areas in North Dakota, Iowa study areas 
contained fewer wetlands eUid more forest leuid. 
Methods.—In all study areas, we attended to survey 
birds on all CRP and WBP fields for which we had permission 
to sa]q>le. CRP fields provide nesting habitat for many 
species of grassland birds, including those species 
experiencing population declines (Johnson and Igl 1995, Best 
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et al. 1997, Koford 1999). By restricting our surveys to 
this type of nesting habitat, we reduced the effect of 
vegetation on the bird coimminities. 
To determine field sizes, a field was defined as a 
distinct unit of hayland, or reseeded grassland enrolled in 
the CRP or WBP, that was surrounded by roads or other habitat 
classes such as cropland, pastureland, eind wetland. For 
example, 20 ha of CRP land that was adjacent to 5 ha of 
hayleuid was considered a single field of 25 ha. Parcels of 
CRP Icuid, WBP land, and hayland were considered single fields 
if they were on both sides of a treeline, fencerow, or field 
border. Two parcels of CRP land, WBP leuid, and hayland that 
were separated by a road were considered to be two fields due 
to the decreased densities of grassland birds near roadsides 
(Clark and Karr 1979, Reijnen et al. 1996, Sutter et al. 
2000). Pastureland was considered to be a distinct habitat 
from CRP, WBP, and hayland fields because many grassland bird 
species eu:e considerably less abundant in heavily grazed 
pastures (Kantrud 1981, Renken and Dinsmore 1987). 
In the four study cireas in North Dakota, we san^ led 46 
fields comprising 2,013 ha. Field sizes ranged from 4-202 
ha, with a median size of 28 ha. In the moderate-grassland 
study areas, 25 fields conqprising 1,001 ha were saiqpled 
(median = 28 ha, reuige = 4-164 ha). Twenty-one fields 
comprising 1,012 ha were sampled in high-grassland study 
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areas (median = 27 ha, range = 4-202 ha). In the five study 
areas in Iowa, we san^ led 44 fields con^ rising 1,238 ha. 
Field sizes ranged from 4-208 ha, with a median size of 19 
ha. Twenty-three fields con^ rising 463 ha were Scui^ led in 
moderate-grassland study areas (median = 15 ha, range = 5-48 
ha). In the high-grassland study areas, 21 fields comprising 
775 ha were sanqpled (median = 26 ha, range = 4-208 ha). 
Fields < 4 ha were not used to avoid confounding territory 
size requirements of grassland songbirds with area 
sensitivity. 
He used 5-min, 100-m radius point counts to estimate the 
probability of occurrence euid relative cdsundcuice of upland-
nesting grassland birds. During each count, we recorded the 
number of individuals of each species seen or heard. In 
North Dakota, counts were conducted between 0525 - 0830 CDT 
from 4 June to 16 July 1996, and 28 May to 18 June 1997. In 
Iowa, counts were conducted between 0530 - 0900 from 19 May 
to 23 June 1998. All point counts were performed by the same 
individual in both North Dakota (D. Horn) and Iowa (M. 
Braleuid). The location and number of counts in the CRP or 
WBP portion of each field was predetermined, and based on two 
criteria: 1) count locations were > 100 m fr<»i any field 
edge (with the exception of fields that had a diameter < 200 
m), and 2) counts were placed at least 250 m from other count 
points. The number of counts in the CRP or WBP portion of 
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each field was the mayimum number of points in a grid-like 
pattern that could fit within a field and meet these 
criteria. Thus, the number of point counts conducted on a 
field was proportional to field size. In North Dakota, 281 
point counts were conducted; 132 counts were conducted in 
fields within moderate-grassland study areas, and 149 in 
high-grassland study areas, in Iowa, 167 point counts were 
conducted; 70 counts were conducted in fields within moderate-
grassland study areas, and 97 in high-grassland study areas. 
We used logistic regression to determine if a species' 
occurrence (binary response) in a field was influenced by the 
following independent veirietbles: year (North Dakota study 
only), study-area type (categorical varieible), field size 
(continuous varieible), £uid the interaction between study-area 
type and field size. Previous studies have determined 
minimum curea requirements for species exhibiting a 
significant relationship between occurrence and field size 
(Robbins et al. 1989, Herkert 1994b). Minimum area 
requirements for each species have been defined as the area 
at which a species' probability of occurrence is 50% of its 
maximum (Robbins et al. 1989, Herkert 1994b). Species 
exhibiting an interaction effect between study-area type and 
field size were considered to display Vciriable cu:ea-
sensitivity. Because saiqpling fields proportional to size 
Ccui result in a positive relationship between probeUsility of 
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occurrence and field size that is a sampling cirtifact (Connor 
and McCoy 1979, Coleman et al. 1982, Horn et al. in press), 
we randomly selected a single point count from each field, 
regardless of size, to be used in occurrence analyses (e.g. 
Vickery et al. 1994). 
We used linecu: regression to determine if a species' 
relative abundance in a field was influenced by the following 
independent variables: yeeir (North DcUcota study only), 
study-area type (categorical variable), field size 
(continuous variable), and the interaction between study-area 
type and field size. Relative abundance was determined by 
calculating the mean number of birds per point count within a 
field. In the regressions, means were weighted by the number 
of point counts conducted in a field, such that each field's 
contribution in the analysis was equal to the number of 
points counts conducted in that field divided by the totcU. 
number of point counts conducted in all fields. We selected 
logistic and linecir regression models with the fewest 
variables that fit the data based on Akaike's dLnfonnation 
criteria values (Akciike 1973, 1985). We did not excunine the 
year x study-area type interaction because it is confounded 
with our 4 study areas. Data were analyzed using the 
Logistic and Reg Procedures of the SAS statistical package 
(Version 6.12) (Dilorio 1991, Stokes et al. 1998). Results 
were considered significant if P < 0.10. 
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Results 
North Dakota.—Twelve species of grassland songbirds 
were examined in this state (Table 1). Bobolink had a 
positive relationship between occurrence and field size and, 
thus, was curea sensitive (Table 2). Its probability of 
occurrence ranged from 0.24 in 4 ha fields to 0.92 in 202 ha 
fields, and reached 50% of maximum at a field size of 59 ha 
(Fig. lA). Brown-headed Cowbird had a negative relationship 
between occurrence and field size (Table 2). Its probability 
of occurrence ranged from 0.78 in 4 ha fields to 0.22 in 202 
ha fields (Fig. IB). 
Le Conte's Sparrow had a greater probability of 
occurrence in fields within the moderate-grassland study 
cuceas (Tcdsle 2). Its probability of occurrence was 0.68 and 
0.19, respectively, in moderate and high grassleuid study-area 
types. Red-winged Blackbird had a greater probability of 
occurrence in the high grassland study-cucea type (Table 2). 
Its probability of occurrence was 0.20 in moderate-grassIcuid 
study areas and 0.48 in high-grassleuid study €u:eas. 
Clay-colored Sparrow (probability of occurrence - 0.43 
for 1996 and 0.76 for 1997, respectively), Saveumah Speurrow 
(0.33, 0.68), and Brown-headed Cowbird (0.48, 0.84) were more 
likely to occur in fields in 1997 (TcUsle 2). Sedge Wren 
(0.52, 0.24) and Ccamnon Yellowthroat (0.57, 0.24) were more 
likely to occur in 1996 (Ted)le 2). In the analysis of 
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probcibility of occurrence, no species had an in-teraction 
between field size and study-area type (Table 2). 
We detected relationships between relative abundance in 
fields and the interaction between field size and study-area 
type for three species: Grasshopper Sparrow, Bobolink, and 
Red-winged Blackbird (Table 3). Thus, three species 
displayed variable area-sensitivity. Grasshopper Sparrow had 
no relationship between abundance and field size in moderate 
grassland study-area types, and a positive relationship in 
high grassland study-area types (Figs. 2A and 2B, 
respectively). Bobolink and Red-winged Blackbird had 
positive relationships between abundance and field size in 
moderate-grassland study areas, and no relationship betvreen 
abundance and field size in high-grassland study areas (Figs. 
3A and 3B, emd 4A and 4B, respectively). 
We detected a negative relationship betvieen relative 
abundance in fields and field size for Brown-headed Cowbird 
(Tcible 3, Fig. 5). Savannah Sp£u:row, Bobolink, cuid Americcui 
Goldfinch were more abundant within high-grassland study 
areas (Tables 3 and 4). Sedge Wren euid Common Yellowthroat 
were more abundcuit in 1996, while Clay-colored Sparrow, 
Savanneih Speirrow, Grasshopper Sparrow, Bobolink, and Brown-
headed Covdaird were more abundant in 1997 (Table 3). 
Iowa,—Thirteen species of grassland songbirds were 
examined in this state (Table 1). Grasshopper Sparrow had a 
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positive relationship between occurrence and field size 
(Table 2). Its probability of occurrence ranged from 0.25 in 
4 ha fields to 0.97 in 208 ha fields, and reached 50% of 
maxinrnm at a field size of 49 ha (Fig. 6A). Field Sparrow 
cind Brown-headed Cov^ ird had negative relationships between 
occurrence and field size (Table 2). Field Sparrow 
probability of occurrence ranged from 0.30 in 4 ha fields to 
0.00 in 208 ha fields (Fig. 6B), while Brown-headed Cov^ ird 
probability of occurrence ranged from 0.45 in 4 ha fields to 
0.00 in 208 ha fields (Fig. 6C). 
Dickcissel and Grasshopper Sparrow had greater 
probabilities of occurrence in the moderate grassland study-
area type (0.65 and 0.48 probability of occurrence, 
respectively, in moderate-grassland study areas versus 0.29 
euid 0.23 in high-grassland study areas) (Table 2). Field 
Sparrow, Song Sparrow, and Brown-headed Cowbird had greater 
probabilities of occurrence in the high grassleuid study-area 
type (0.19, 0.19, and 0.19 probability of occurrence, 
respectively, in high-grassleuid study areas versus 0.04, 
0.04, and 0.09 in moderate-grassland study cireas) (Table 2). 
In the analysis of probability of occurrence, no species had 
an interaction between field size and study-area type (Table 
2 ) .  
Grasshopper Sparrow, Bobolink, and Eastern Neadowlark 
had positive relationships between relative abundance euid 
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field size (Figs. IK, 7B, and 7C, respectively), while Field 
Sparrow, Westem Meadowlark, and American Goldfinch showed 
negative relationships (Figs. 7D, 7E, and 7F, respectively) 
(Ted)le 3). Relations between relative abundance of Field 
Sparrow, Bobolink, Eastern Meadowlark, and Western Neadowlcurk 
and field size should be vie%«ed with caution. When the 
largest field we san^ led was removed from the regression 
euialysis, none of these species showed a significant 
relationship between abundemce emd size. 
Field Sparrow, Song Sparrow, and American Goldfinch were 
more abundant in the high-grassland study areas, while Sedge 
Wren and Bobolink were more abundant in the moderate-
grassland study areas (Table 3, Table 4). in the analysis of 
relative cQsundance, no species had eui interaction between 
field size and study-area type (Tcible 3). Thus, no species 
displayed varicible area-sensitivity in Iowa. 
Discussion 
found that three grassland songbirds in North Dakota 
displayed variable eurea-sensitivity; thus, the area 
sensitivity of Grasshopper Sparrow, Bobolink, and Red-winged 
Blackbird was influenced in a predictable manner by the 
amount of perennial grassland in the landscape. As the 
amount of perennial grassland in the landscape increased, the 
species' abundances in smaller fields increased. For 
38 
example. Grasshopper Speirrow was rare in study areas with 15-
20% grassleuid, and we did not detect a relationship between 
relative abundcuice and field size (prediction 1). In study 
areas with 51-55% grassland. Grasshopper Sparrow had a 
positive relationship between abundance and field size 
(prediction 2). The Bobolink and Red-winged Blackbird had 
positive relationships between relative eibundance and field 
size in study areas with 15-20% grassland (prediction 2). In 
study areas with 51-55% grassland, the occurrence or 
abundance of the species was greater, and we detected no 
relationship between relative abundance and field size 
(prediction 3). 
Previous studies have reported differences in area 
sensitivity based on landscape composition (Robbins et al. 
1989, Freemark euid Collins 1992, Rosenberg 1999). For 
exan^ le, Robbins et al. (1989) found area sensitive species 
such as the Ovenbird, Seiurus aurocapillus, to be less 
affected by patch size in landscapes with large cunounts of 
forest cover. Similarly, Rosenberg et al. (1999) found that 
mim'imiin area requirements of Scarlet TcUiager, Piranga 
olivacea, decreased as the proportion of forest in a 1,000 ha 
block increased. Freemark and Collins (1992) detected more 
cirea sensitive species in forest patches in landscapes with 
greater cunounts of forest cover. 
In general, our results in North Dakota are also 
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consistent with Venier and Fedirig (1996) who found, using 
simulations, an increase in occurrence and relative abundance 
in patches with an increase in the proportion of suitable 
habitat in the landscape. We found higher probability of 
occurrence of Red-winged Blackbird, and abundance of Savannah 
Spetrrow, Bobolink, and American Goldfinch in fields within 
high-grassland study areas. Occurrence of the Le Conte's 
Spcu:row, however, was greater in moderate-grassland study 
areas. 
Not all studies have reported an effect of landscape 
con^ sition on bird-hcQsitat relationships observed among 
patches (e.g., Edenius and Sjoberg 1997, Bender et al. 1998, 
Trzcinski et al. 1999). Bender et al. (1998) found no 
influence of landscape composition on the relation between 
patch size and density of birds using meta-cuialysis. Edenius 
euid Sjoberg (1997) examined how habitat area and landscape 
context influenced the abundance of birds in old-growth 
forests of northern Sweden. They found no effect of the 
proportion of forest within a 1 x 1 km grid on the relation 
between a species' abundcuice and patch size. Trzcinski et 
al. (1999) examined whether the distribution of forest birds 
was influenced by the amount of forest cover, the extent of 
fragmentation, and the interaction. Of the 31 species 
examined, only two species sho%«ed a significant interaction. 
There are severed, considerations that may have made it 
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difficult to detect variable area-sensitivity in south-
central Iowa. Landscape conqposition did not affect relative 
abundance as predicted in Iowa. Three species (Field 
Sparrow, Song Sparrow, and American Goldfinch) behaved as 
predicted, but the species that have been reported to be area 
sensitive (Sedge Wren and Bobolink) did not. In fact. 
Bobolink and Sedge Wren had lower relative eUsundances in 
fields within study-area types with greater amounts of 
grassland. We expected that landscapes with large cunounts of 
grassland would have higher relative abundances of birds, and 
consequently, higher occupeuicy of patches (Wright 1991). For 
Dickcissel and Grasshopper Sparrow, exactly the opposite 
happened; their probabilities of occurrence were lower in 
fields within study-curea types with greater amounts of 
grassland. Horn (pers. obs.) noticed that many of the 
smaller fields in one of the high-grassleuid study areas in 
southern Iowa were surrounded by woodland. Perhaps these 
fields were less likely to be colonized by Sedge Wren, 
Dickcissel, Grasshopper Sparrow, and Bobolink because of 
increased isolation, and edge effects associated with trees 
(Johnson and Ten^ le 1990), thereby leading to a lower 
probability of occurrence and cUaundance overall in fields 
within study-eirea types with high amounts of CRP leuid. HcCoy 
(1996) found a negative relationship between the occurrence 
of Sedge Wren and the amount of forest within 1 km of a 
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grassland field. 
Another reason for not detecting variable area-
sensitivity in south-central Iowa is that the rcuige of field 
sizes was not equivalent in the two study-area types. Field 
sizes ranged frc^  5-48 ha in moderate-grassland study cureas 
and 4-208 ha in high-grassland study eureas. Several studies 
have reported minimum area requirements of species to be > 48 
ha (Herkert 1994, Vickery et al. 1994); thus our largest 
field in the locxierate-grassland study areas may have been too 
small to document whether a species' probability of 
occurrence or relative abundcUice increased in larger fields. 
Grasshopper Sparrows have displayed area sensitivity 
throughout the country. They have been found to be eurea 
sensitive in Maine (Vickery et al. 1994), Illinois (Herkert 
1994b), Nebraska (Helzer and Jelinski 1999), south-central 
Iowa (this study), and the species displayed veirieU>le aurea-
sensitivity in North Dakota (this study). Minimum area 
requirements for the species have varied between 8 ha in 
Nebraska (Helzer and Jelinski 1999) to 100 ha in Maine 
(Vickery et al. 1994). In Iowa, probability of occurrence 
was 50% of its maximum at a field size of 49 ha. In North 
Dakota, we could not determine if a relation between 
probability of occurrence and field size existed because no 
Grasshopper Sparrows were observed during the single point 
counts that were ramdomly selected from each field. Hoiwever, 
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Grasshopper Sparrows were not observed in any field < 48 ha. 
Furthermore, positive relationships between relative 
abundance and field size were detected in Iowa cuid in high-
grasslcuid study areas in North Dakota. Walk and Warner 
(1999), however, did not find a relation between frequency of 
occurrence and field size in Illinois, and in Minnesota, R. 
R. Koford (unpubl. data) found Grasshopper Sparrows in all 
fields > 10 ha. In Missouri, Winter and Faaborg (1999) found 
no relationship between Grasshopper Sparrow abundance and 
field size. 
The occurrence of Bobolinks and Eastern Meadowlarks also 
may be influenced by field size throughout a Icurge geographic 
area. Area sensitivity of Bobolinks has been detected in 
Maine (Vickery et al. 1994), Illinois (Herkert 1994b), 
Nebraska (Helzer and Jelinski 1999), Iowa (this study), and 
the species displayed variable cirea-sensitivity in North 
Dakota (this study). In Illinois, Herkert (1994b) listed the 
minimum area requirement for Bobolinks at 50 ha; whereas in 
Nebraska, Helzer and Jelinski found a minimum area 
requirement of 46 ha. In North Dakota, the probability of 
occurrence in fields was 50% of its maximum at a field size 
of 59 ha. In Iowa, we found a positive relationship between 
relative abundance emd field size, but no relationship was 
detected between occurrence and field size. Area sensitivity 
of Eastern Meadowlarks has been detected in Maine (Vickery et 
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al. 1994), Illinois (Herkert 1994b) and Iowa (this study). 
In Illinois, the minimum area requirement of Eastern 
Meadowlarks was 5 ha (Herkert 1994b). In Iowa, we did not 
detect a relation between occurrence and field size for the 
Eastern Meadowlark; however, a positive relationship between 
relative cdaundance and field size was found, winter and 
Faaborg (1999) did not detect a relation between density and 
field size for Eastern Meadowlarks, and Walk and Warner 
(1999) observed the species in all of their fields. 
Two species. Field Speurrow in Iowa and Brown-headed 
Cowbird in North Dakota euid Iowa, were less likely to occur 
in larger fields. The Brown-headed Cowbird in North Dakota 
and Field Spetrrow, Western lfeadowl£u:k, and American Goldfinch 
in Iowa had negative relationships between relative eUsundance 
cuid field size. Similarly, Herkert (1994) found a negative 
relationship between American Goldfinch occurrence and field 
size. Helzer and Jelinski (1999), however, found a positive 
relationship between Western Meadowlark occurrence and field 
size in Nebraska. 
Previous studies have found Henslow's Sparrows (Herkert 
1994b, Walk eUid Warner 1999, Winter and Faadx^ rg 1999), and 
Savannah Sparrows (Herkert 1994b, Vickery et al. 1994, Walk 
and Warner 1999) to be area sensitive. Our studies in North 
Dakota and Iowa found no evidence of £u:ea sensitivity for 
these species. Differing results of area sensitivity studies 
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might be explained by differences in the densities of species 
among studies (Horn et al. in press). When a species is 
rare, there may be few detections making it difficult to find 
a significant relationship between occurrence and field size. 
Common species may occupy all territories in fields; thus we 
would not detect a significant occurrence-field size 
relationship. Only at moderate densities could a positive 
relationship between probability of occurrence and field size 
be detected. For example, Herkert (1994b) found 6.4 Savannah 
Sparrows per 100 ha and the species was area sensitive, while 
in North Dakota, the mean number of Savannah Sparrows per 100 
ha of CRP or WBP land was approximately 4 times greater, emd 
we did not detect area sensitivity. 
The study design we used in North OeUcota had several 
problems. First, although the start date for point counts 
was similar between years, san^ ling ended earlier in 1997. 
This difference in time periods could bias our results if the 
species we studied had significant differences in detection 
rates between the middle of June and the middle of July (Best 
1981). Second, some study areas were separated by leurge 
distances (i-e., approximately 190 km); thus, there may have 
been differences in the regional euaundcuice of birds (Johnson 
and Schwartz 1993). Because of these confounding factors, 
further tests of the variable area-sensitivity hypothesis 
should be conducted. 
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Differing results of habitat fragmentation studies may 
be due to differences in the amount and arrangement of 
suitable habitat in the landscape (Villard et al. 1993, 
Andr^ n 1994, McGarigal and HcComb 1995). We found that 
differences in the local composition of habitat surrounding a 
field influenced the area sensitivity of grassland birds. In 
landscapes with Icirger amounts of perennial grasslemd, some 
species of grassland songbirds were more eibundcuit in smaller 
fields. Future studies on the effects of habitat 
fragmentation on grassland songbirds should take into account 
the landscape context in which the study takes place. 
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TABLE 1. Relative abundcince (mean number of birds per point 
count) of grassland bird species observed in CRP and WBP 
fields in 1996-1997 in North Dakota and Iowa. 
North Dakota Iowa 
Species Mean^ varb Mean^ Var^ 




Coninon Yellowthroat, Geotblypis trichas 0.57 0 .39 0.47 0 .39 
Dickcissel, Spiza eanericaBa NA° 0.85 1 .16 
Clay-colored Sparrow, Spizella pallida 0.91 0 .86 NA 
Field Sparrow, Spizella puailla NA 0.09 0 .13 
Savannah Sparrow, Paaserculua aandwicbensia 0.59 0 .51 NA 
Grasshopper Sparrow, Aimodramua savaimarvm 0.05 0 
CO o
 • 0.73 0 .82 
Henslow's Sparrow, Amuodramua heaalowii NA 0.07 0 .09 
lie Conte's Sparrow, Aimodramua leconteii 0.67 0 .56 NA 
Song Spaurrow, Meloapiza melodia 0.11 0 .12 0.10 0 .15 
Bobolink, Dolicbonyx oryzivorua 0.57 0 .59 1.07 1 .46 
Red-winged Blackbird, Agelaiua phoeniaeua 0.52 0 .92 2.90 4 .81 
Eastern Meadowlark, Sturnella magna NA 0.41 0 .42 
Western Headowlark, Sturnella neglecta 0.05 0 .04 0.32 0 .31 





 0 .42 
American Goldfinch, Cardaelia tristis 0.17 0 .25 0.08 0 .14 
a Mean number of birds per point count (n - 281 point counts 
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TABLE 1. (con-tinued) 
in North DeUcota and 167 point counts in Iowa). 
b Variance of birds per point count (n = 281 point counts in 
North Dcdcota and 167 point counts in Iowa). 
e NA -> species was either not present or was not used in 
data analysis. 
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TABLE 2. Parameters of logistic regression models of the 
probed)ility of occurrence of grassland bird species in North 
Dakota and Iowa and the explanatory veiricUsles: year, study-
area type, field size, and the interaction between study-
area type and field size. Only final species models with a 
statistically significant explcuiatory variable are shown. 
Peurameter 
Species estimate SE P 
North Dakota 
Sedge Wren 
Intercept 1.3433 0.9914 0.1754 0.08 
Year -1.2480 0.6405 0.0514 
Common Yellowthroat 
Intercept 1.7280 0.9985 0.0835 0.11 
Year -1.4404 0.6432 0.0251 
Clay-colored Spcirrow 
Intercept -1.7280 0.9985 0.0835 0.11 
Year 1.4404 0.6432 0.0251 
Savannedi Sparrow 
Intercept -2.1401 1.0203 0.0359 0.11 
Year 1.4469 0.6310 0.0218 
Le Conte's Sparrow 
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TABLE 2. (continued) 
Study-area type -1.7372 0.7956 0.0290 
Field size 0.0361 0.0197 0.0669 
Song Sparrow 
Intercept -4.4547 2.4065 0.0642 0.15 
Study-area type 5.0518 2.7270 0.0639 
Field size 0.0542 0.0715 0.4490 
Interaction -0.1498 0.0985 0.1283 
Brown-headed Cov^ ird 
Intercept 0.0193 1.1345 0.9864 0.23 
Study-area type 2.0960 1.1744 0.0743 
Field size -0.1951 0.0934 0.0367 
a R2 is derived from SAS Institute Inc. (1995). 
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TABLE 3. Parameters of linear regression models of the 
relative abundance of grassland bird species in North Dakota 
and Iowa and the explanatory vciriables: year, study-area 
type, field size, and the interaction between study-area 
type and field size. Only final species models with a 
statistically significant explanatory vcuriable are shown. 
Parameter 
Species estimate SE P F 
North Dakota 
Sedge Wren 
Intercept 1.4353 0.3035 0.0001 5.25 0.11 
Year -1.4423 0.1930 0.0268 
Common Yellowthroat 
Intercept 0.9498 0.1563 0.0001 6.72 0.13 
Year -0.2575 0.0994 0.0129 
Clay-colored Sparrow 
Intercept 0.4453 0.2074 0.0373 5.53 0.11 
Year 0.3100 0.1319 0.0233 
Savannah Sparrow 
Intercept 0.1020 0.1284 0.4314 9.35 0.40 
Year 0.2824 0.0739 0.0004 
Study-area type 0.2798 0.0775 0.0008 
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0.0008 0.0006 0.1444 
•0. 0617 0. 0473 0. 1993 
0. 0679 0. 0247 0. 0089 
0. 0613 0. 0431 0. 1628 
0. 0002 0. 0004 0. 5190 
0. 0012 0. 0004 0. 0093 
0. 3227 0. 2036 0. 1206 
0. 3069 0. 1066 0. 0063 
0. 6220 0. 1858 0. 0018 
0. 0052 0. 0015 0. 0016 
0. 0064 0. 0018 0. 0010 
•0. 0312 0 .2223 0. 8892 
0. 1670 0 .1164 0. 1590 
0. 3184 0 .2029 0. 1243 
0. 0051 0 .0017 0. 0044 
0. 0057 0 .0020 0. 0060 
0.4904 0.2552 0.0613 14.77 0.41 
0.6042 0.1498 0.0002 
0.0040 0.0011 0.0006 
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0.0833 0.0460 0.0767 6.29 0.13 
0.1583 0.0631 0.0159 
0.2857 0.0789 0.0008 3.47 0.08 
-0.1929 0.1035 0.0693 
0.0638 0.0698 0.3666 2.27 0.10 
0.1824 0.0981 0.0701 
-0.0012 0.0007 0.0861 
0.5474 0.1380 0.0003 3.76 0.08 
0.0028 0.0015 0.0594 
0.0143 0.0608 0.8154 3.57 0.08 
0.1507 0.0798 0.0659 
1.1332 0.1905 0.0001 3.52 0.15 
•0.6004 0.2677 0.0304 
0.0043 0.0019 0.0286 
0.2500 0.0731 0.0014 9.86 0.19 
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TABLE 3. (continued) 
Field size 0.0024 0.0008 0.0031 
Western Meadowlark 
Intercept 0.4249 0.0627 0.0001 6.28 0.13 
Field size -0.0017 0.0007 0.0162 
Americcui Goldfinch 
Intercept 0.0570 0.0782 0.4701 2.44 0.11 
Study-curea type 0.2029 0.1098 0.0719 
Field size -0.0015 0.0008 0.0636 
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TABLE 4. Relative abundcuice (mean number of birds per point 
count) in fields of six grassland bird species in North 
Dakota and Iowa that exhibited a significant relationship 
between relative abundance in fields and study-area type. 
Moderate grassland High grassland 
Species Means veurb Mean* Varb 
North Dakota 
Savannah Sparrow 0.46 
Bobolink 0.50 
American Goldfinch 0.08 
Iowa 
Sedge Wren 0.29 
Field Sparrow 0.03 
Song Sparrow 0.01 
Bobolink 1.26 
American Goldfinch 0.01 
0.70 0.71 0.29 
1.05 0.62 1.26 
0.20 0.24 0.38 
0.71 0.09 0.13 
0.04 0.13 0.65 
0.01 0.16 0.53 
3.12 0.93 1.95 
0.04 0.12 0.83 
« Mean number of birds per point count in fields (n = 25 and 
21 fields, respectively, in the moderate- and high grassland-
study eireas in North Dakota, and 23 cuid 21 fields, 
respectively, in the moderate- and high-grassland study areas 
in Iowa). 
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TABLE 4. (continued) 
b Variance of birds per point count in fields (n = 25 and 21 
fields, respectively, in the moderate- and high-grassland 
study areas in North Dakota, euid 23 and 21 fields, 
respectively, in the moderate- and high-grassland study areas 
in Iowa). 
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FIG. 1. Relation between probability of occurrence in 
fields and field size in North Dakota for: A - Bobolink, and 
B - Brown-headed Cowbird. The x-axis is on a logarithmic 
scale. Dashed lines are the 95% confidence limits of 
expected values of the mean for each field. 
FIG. 2. Relation between relative cibundance of 
Grasshopper Sparrow in fields euid field size in North Dakota 
for: A - moderate-grassland study areas, and B - high-
grassland study areas. Dashed lines are the 95% confidence 
limits of expected values of the mean for each field. 
FIG. 3. Relation between relative abundcuice of Bobolink 
in fields and field size in North Dakota for: A - moderate-
grassland study areas, 2md B - high-grassland study cireas. 
Dashed lines are the 95% confidence limits of expected VeU.ues 
of the mean for each field. 
FIG. 4. Relation between relative abundance of Red-
winged Blackbird in fields cuid field size in North Dakota 
for: A - moderate-grasslcuid study areas, and B - high-
grassland study areas. Dashed lines are the 95% confidence 
limits of expected values of the mean for each field. 
FIG. 5. Relation between relative abundance in fields 
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and field size in North Dakota for Brovm-headed Co\^ ird. 
Dashed lines are the 95% confidence limits of expected values 
of the mean for each field. 
FIG. 6. Relation between probability of occurrence in 
fields and field size in Iowa for: A - Grasshopper Spcurrow, 
B - Field Speurrow, and C - Brown-headed Cowbird. The x-axis 
is on a logarithmic scale. Dashed lines are the 95% 
confidence limits of expected values of the mecui for each 
field. 
FIG. 7. Relation between relative abundance in fields 
and field size in Iowa for: A - Grasshopper Sparrow, B -
Bobolink, C - Eastern Meadowlark, D - Field Sparrow, E -
Western Meadowleirk, and F - American Goldfinch. Dctshed lines 
are the 95% confidence limits of expected vcQues of the mean 
for each field. 
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CHAPTER 3. RELATION OP 6RASSLAHD BIRD ABUWDAMCE TO 
MOWING OF CONSERVATION RESERVE PROGRAM FIELDS IN 
NORTH DAKOTA 
A paper accepted by Wildlife Society Bulletin 
David Joseph Horn and Rolf R. Koford 
Abstract 
One factor that may be contributing to declines of 
several grassland bird species is mowing of grassland fields. 
We compared the relative abundance of birds in idled and 
mowed portions of grassland fields to investigate the 
influence of mowing in the previous summer on the grassleuid 
bird cc»mminity. The study occurred in central North Dakota 
in 12 reseeded cropleuid fields enrolled in the Conservation 
Reserve Progrcun. Sedge wrens (Cistothorus platensis) were 
more abundant in idled portions of grassland fields, «^ ereas 
savanncQi sparrows {Passerculas sandwichensis) were more 
cibundant in portions of fields that were mowed the previous 
yecu:. Our findings axe similar to other studies indicating 
that several grassleuid bird species in the central United 
States and Ceuiada respond consistently to mowing. 
Introduction 
In recent decades, populations of several grassland bird 
species have declined (Askins 1993, Hertert 1995, Igl and 
88 
Johnson 1997). In North Dakota, populations of grassland-
nesting species such as saveumah sparrows (Passerculus 
sandwichensis) and grasshopper sparrows {Amaodramus 
savannarum) have declined significeuitly along Breeding Bird 
Survey routes between 1967 euid 1993 (Igl and Johnson 1997). 
One factor that may be contributing to these declines is 
mowing of fields during the breeding season (Bollinger et al. 
1990, Frawley and Best 1991). 
Mowing of grassland fields has at least 4 effects on 
grassland birds: 1) mowing alters the vegetative 
characteristics of the field, changing its suitability for 
individual grassland bird species (Owens and Myres 1973, Dale 
et al. 1997); 2) mowing displaces individuals from a field, 
causing an egress of birds to nearby fields (Bryan euid Best 
1991, Igl 1991); 3) mowing in the breeding season destroys or 
causes cdsandonment of a large proportion of the nests that 
were active just prior to mowing (Bollinger et al. 1990, 
Frawley and Best 1991, Dale et al. 1997) and repeated mowing 
may not allow birds to complete their nesting cycles 
(Bollinger et al. 1990, Herkert et al. 1996, Koford and Best 
1996); emd 4) species nesting in fields that cire mowed during 
the breeding season may have lower breeding densities in 
those fields the following year due to greater nest failure 
experienced previously and reduced site fidelity (Bollinger 
1995, Dale et al. 1997). 
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A recent synthesis on effects of mowing by Rodenhouse et 
al. (1995) suggested that mowed grassland fields would be 
less suitcible for species such as bobolinks (Dolichonyx 
oryzivorus) than idled fields; whereas mowed fields would be 
more suitable for species such as savannah sparrows. 
Bollinger cuid Gavin (1992), however, observed decreased 
bobolink abundance in years after annual mowing of the field 
ceased due to invasion by woody species, in Saskatchewan, 
Dale et al. (1997) suggested that savannah sparrows may be 
less numerous in grassland fields that cire annually mowed 
coiq>ared with fields that were idled for > 3 years. 
One reason for the variable results among studies may be 
regional differences in precipitation causing varieibility in 
the height of unmowed grass. Differences in vegetation 
height may subsequently influence the species that cire 
present within idled fields (Skinner et al. 1984) and perhaps 
conclusions about the effects of management (Bowen and Kruse 
1993). Moreover, suitability of a mowed field for grassland 
birds may change over the breeding season (Owens and Myres 
1973, Frawley and Best 1991). For exeunple, Owens £Uid l^ res 
(1973) found that vegetation height between mowed emd unmowed 
plots was similar by ecurly July. Thus, species that cire 
associated with taller vegetation may be influenced 
negatively by mowing in a study conducted early in the 
breeding season, but show no effect in a study conducted 
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later. 
Fields enrolled in the Conservation Reserve Program 
(CBP) provide nesting habitat for many species of grassland 
birds, including those experiencing population declines 
(Johnson and Schwartz 1993a,b; Johnson and Igl 1995). From 
1988 to 1997, over 1,175,000 ha of reseeded cropland enrolled 
in the CRP were mowed in North Dakota (Kruse 1998). Due to 
drought conditions in North Dakota in 1996 and 1997, 
emergency haying occurred on over 266,000 (20%) of the 
1,287,000 ha of CRP land (Kruse 1998). Despite the 
widespread mowing of CRP fields, little is known edx)ut the 
effect of emergency haying on grassland birds (igl and 
Johnson 1995). We examined the response of grassland bird 
species to emergency haying by comparing the relative 
abundance of species in portions of fields that were idled or 
mowed the previous year. We also determined if relative 
abundance of grassland birds increased in mowed portions of 
fields between the early and late stages of the breeding 
season. By taking this approach, we %iiere able to examine the 
influence of occasional mowing on grasslcuid birds in the 
breeding season following mowing and how a species' response 
to occasional mowing may change during the breeding season, 
labile controlling for among-field veuriation. Because 
emergency haying occurred late in the previous yecur's 
breeding season, our study examined bow between and within-
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year vegetation changes caused by mowing influenced birds 
(effect 1 described above), as opposed to within (effects 2 
cuid 3) and between-year (effect 4) reproductive effects 
caused by mowing. 
Methods 
We conducted the study during summers of 1997 and 1998 
in Benson, Ramsey, and Wells counties. North DeUcota. We used 
12 grassland fields enrolled in the CRP and plcuited with cool 
season grasses. Sizes of the fields in ha and the percentage 
of the field that was hayed the previous year (%) were: 8 
(65), 20 (58), 27 (76), 42 (75), 46 (29), 50 (78), 53 (26), 
and 202 (70) for 1997, and 35 (46), 48 (79), 57 (51), and 83 
(66) for 1998. Fields were surrounded by croplcuid (wheat, 
sunflower, cind canola), perennial grassland (CRP fields, 
reseeded grassland fields enrolled in the Water Bank Progreun, 
Waterfowl Production Areas maintained by the United States 
Fish euid Wildlife Service, pasturelcuid, euid hayland), 
wetlands, and roads. The Icuidscape composition within the 
41-km2 study cureas containing the fields was 35-80% cropland, 
5-50% perennial grassland, and 15% wetland. Although 
landscape c<»^ sition may influence abundance of grassland 
birds in a field (McCoy 1996), the landscape ccMoposition was 
similar in the idled and mowed portions of each field because 
they were adjacent to each other. 
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In 1996, emergency haying occurred after 15 July; in 
1997 haying occurred after 1 July. Mowed portions of fields 
were generally rectangular euid, in most fields, the mowed 
portion consisted of 2 or more discrete units. By late 
spring of the year following mowing, portions of fields that 
were mowed had vegetation approximately half the height of 
idled portions and had little standing dead vegetation or 
litter. Fields were entirely idle the year \i^ en field work 
occurred. 
On each field, we pre-determined point count locations 
(points) based on 2 criteria: 1) locations were > 100 m from 
euiy field edge and 2) locations were placed > 250 m from any 
other point. Number of points in a field represented the 
maximum number of non-overlapping points in a grid-like 
pattern separated by 250 m that could fit within the field. 
When number of potential points differed in idled euid mowed 
portions of the field, we randcmly selected locations in the 
portion of the field with more potential points to match the 
number of points in the other portion. Number of point count 
locations used in the idled and mowed portions of a field 
rauiged from 1 to 9 (median - 2). We used equal numbers of 
points in each portion of a field as opposed to proportional 
saiQ>ling to ensure that occurrence of a species was not from 
a sampling artifact (e.g., increased species richness with 
increased sampling effort; Vickery et al. 1994). 
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We conducted 3 counts at each point using a 5-minute, 
100-m radius point count. We recorded number of individuals 
of each species seen or heard. The same individual performed 
all point counts. In 1997, we conducted counts between 0500 
and 0800 hours from 28 May to 6 July. We conducted the first 
counts at each point between 28 May and 18 June and we 
conducted 2 additional counts at each point between 18 June 
and 6 July. In 1998, we conducted 3 counts at each point 
between 0530 and 0845 hours from 25 May to 6 June. Although 
differences between habitat types can cause veiriation in 
species detectability during point counts (Pendleton 1995), 
there were probably minor, if any, differences in species 
detectability between idled ^ d mowed portions of CKP fields. 
Most of our observations were auditory (i.e., singing males), 
not visual detections and the species we examined generally 
sang from elevated perches. 
We estimated relative abundance of each species within 
the idled €uid iDo«red portions of each CRF field by C2G.culating 
mean number of individuals using data from the first count(s) 
in each portion of the field. Wis used the mean of multiple 
counts within a field to avoid pseudoreplication (Hurlbert 
1984). The resulting means were analyzed in a two-way 
Analysis of Variemce test with a split-plot effect for the 
treatment (idled vs. mowed), a year effect, and the treatment 
X ye£ir interaction, weighted by number of points in a field. 
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to determine if the relative abundance of grassland bird 
species was different in idled and mowed portions of CRP 
fields (experimental unit = field, ji ~ 12 fields; Cochran and 
Cox 1957). 
One reason why response of some grasslemd birds to 
mowing is variable may be that during the breeding season, 
suitcUsility of a mowed field changes. Using the 8 fields 
san^ led in 1997, we determined if the relative abundance of 
species differed between the first and third point counts in 
mowed portions of CRP fields. We first calculated mean 
number of individuals of each species in the first and third 
counts. We then used a paired-ScU^ le t test, weighted by 
number of points in a field, to examine differences in mean 
number of individuals of each species bet%<een the first and 
third counts (experimental unit = field, n - 9 fields). 
We only included upland-nesting, grassland-songbird 
species with > 15 observations in individual species 
analyses. We used all species that were detected during 
point counts in analyses of species richness cuid total 
abundcuice. We cuialyzed data using the SAS statistical 
package (Dilorio 1991). We considered results statistically 
significant if P < 0.05, and marginally significant if P was 
between 0.10 - 0.05. 
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Results 
Mean number of birds/point count of all species combined 
was greater in portions of CRP fields idled the previous year 
(mean - 7.50, standard error among fields for all species 
combined (SE) - 0.70) than in mowed portions (mecui = 5.46, SE 
0.40) (Fi^ io = 10.53, P ~ 0.01). We found a marginally 
significant treatment (idled vs. mowed) x year interaction 
with species richness (Fi,io = 4.55, P = 0.06). In 1997, we 
did not detect a difference in species richness between idled 
(mean = 4.91, SE = 0.60) and mowed (mean = 4.41, SE = 0.41) 
portions of CRP fields {Fi^ u =0.47, P = 0.50). In 1998, 
species richness was marginally greater in idled portions of 
CRP fields (mean = 5.17, SE = 0.83) than mowed portions (mean 
= 3.00, SE = 0.47) (Fi,6 = 5.17, P= 0.06). Four species were 
present only in idled portions of fields in 1998: northern 
harrier {Circus cyaneus), sedge wren (Cistothorus platensis), 
common yellowthroat (Geothlypis trichas), and red-winged 
blackbird (Agelaius pboeniceus). He only found yellow-headed 
blackbird (Xanthocephalus xantbocephalus) in hayed portions 
of fields in 1998. 
Two species differed in relative abundance in idled 
versus mowed portions of CRP fields (Table 1). Sedge wren 
was more eUsundant in idled portions of CRP fields, n^ ereas 
savannah sparrow was more abundant in mowed portions. 
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Relative abundance of clay-colored sparrow {Spizella 
pallida), Le Conte's sparrow (Anaaodramis leconteii), and red-
winged blackbird in idled portions of CSP fields was 
marginally significcuit compared to mowed portions. 
We did not detect differences in relative abundance of 
common yellowthroat, grasshopper sparrow, song sparrow 
{Melospiza melodia), bobolink, brown-headed cowbird 
(Molothrus ater), or American goldfinch {Carduelis tristis) 
between idled and mowed portions of CRP fields (Table 1). 
However, in 5 of 6 fields in which grasshopper sparrow 
occurred, they were detected only in the mo%«ed portion of the 
field. 
Le Conte's sparrow and bobolink had marginally 
significcuit year effects (Fi,io = 4.78 and 4.07, P = 0.05 and 
0.07, respectively). For Le Conte's speirrow euid bobolink, 
the mean number of birds/point count was greater in fields 
used in 1998 (mean = 1.08 eUid 1.33, SE = 0.41 eUid 0.36, 
respectively) than 1997 (mean =0.32 and 0.61, SE - 0.06 and 
0.11, respectively). 
We did not detect a difference in mean number of 
individuals of all species combined bet%«een the first (mean -
5.64, SE = 0.41) cUid third (mean = 5.73, SE = 0.62) point 
counts in portions of CHP fields that were mowed the previous 
yecu: (ti,7 » 0.12, P - 0.91). We also did not detect a 
difference in mean species richness between the first (mean = 
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4.41, SE = 0.41) and third (mecui = 4.23, SE = 0.47) counts 
(ti,7 = 0.28, P = 0.79). 
Clay-colored sparrow and red-winged blackbird were 
marginally more abundant during the third point count than 
during the first point count in portions of CRP fields mowed 
the previous year (Table 2). We did not detect differences 
in relative abundance of any other species between the first 
and third counts (Table 2). The common yellowthroat, 
however, was observed in 3 additional fields during the third 
count. 
Discussion 
Results from our study are similar to findings of other 
studies (Frawley and Best 1991, Rodenhouse et al. 1995, 
S%ranson 1996, Swengel 1996, Herkert et al. 1996, Dale et al. 
1997), suggesting the response of sedge wrens, Le Conte's 
speurronrs, grasshopper sparrows, and red-winged blacU>irds to 
vegetation changes caused by mowing is predictable across a 
wide geographic area. Vegetation changes associated with 
mowing influenced negatively sedge wrens, Le Conte's 
sparrows, and red-winged blackbirds, and affected positively 
grasshopper sparrows. For exanqple, we observed a greater 
relative abundance of sedge %irrens in portions of fields that 
had been idled the previous year. Oelisle and Savidge (1997) 
observed that sedge wrens did not return to CRP fields in 
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southeastern Nebraska for at least 2 years after they were 
mowed. In addition, Frawley and Best (1991) found that sedge 
wrens never recolonized alfalfa fields that had been mowed 
earlier in the breeding season. Frawley and Best's (1991) 
observation may be from vegetation changes caused by mowing, 
but also could be from reduced site fidelity caused by poor 
reproductive success in the hayed fields (Bollinger 1995). 
We found that Le Conte's sparrow was more numerous in idled 
portions of CRP fields. Dale et al. (1997) found that Le 
Conte's sparrows only occurred in idled fields and decreased 
in abundance the year after mowing. In our study, 
grasshopper speurrows were present only in the mowed portion 
of 5 of 6 fields that they occupied. This finding is 
consistent with that of Delisle and Savidge (1997), who 
observed that the only CRP field in their study that 
consistently had grasshopper sparrows was mowed 3 of 4 yeeurs. 
Herkert (1991) observed greater ed)undeuice of grasshopper 
sparrows in mowed versus idled fields. Swengel (1996) found 
grasshopper speirrows declined in fields with time since last 
mowing. A reason for differences in relative abundance 
between idled euid mowed portions of fields may be differences 
in amount of litter (Wiens 1969). For example, Murray (1969) 
suggested that removal of the litter layer would lead to the 
local extirpation of Le Conte's speurrow. 
Response of species such as common yellowthroat, clay-
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colored sparrow, savaimab sparrow, bobolink, and brown-headed 
cowbird to vegetation changes caused by mowing may be less 
predictable and influenced by other factors that varied among 
studies. In our study, saveumah sparrows were more numerous 
in portions of fields that had been mowed. Likewise, Herkert 
(1991) found increased densities of savannah sparrows in 
mowed fields. Dale et al. (1997), however, found that 
savannah sparrows in Saskatchewan were more abundant in idled 
grasslcuid than annually mowed fields. Iforeover, Owens and 
Myres (1973), working in Alberta, found more savannah sparrow 
territories in idled fescue (Festuca scabrella) grasslands 
than mowed fields. One reason for this discrepancy may be 
differences in regional precipitation and temperature causing 
differences in idle vegetation height between the studies 
conduct^  in Canada and the United States. The annual 
precipitation and average daily maximum teiqperature for July 
are 37.4 cm and 25* C, respectively in Saskatoon, 
Saskatchevran, and 39.5 and 29 in Bismarck, North DeUcota (Bair 
1992, Wood 1999). Thus, mowed vegetation in Saskatchewan and 
Alberta may have been too short for savaumah sparrows euid 
idled vegetation in North Dakota too tall. Bollinger et al. 
(1990) found that bobolinks in west-central New York were 4 
times more eUsundant in hayfields than oldfields. we found no 
difference in the relative abundance of bobolinks between 
idled and mowed portions of fields. Herkert (1991) observed 
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greater numbers of bobolinks in mowed versus idled fields. 
A possible reason for not detecting a large difference 
in relative edaundance of clay-colored sparrows and red-winged 
blackbirds between idled cuid mowed portions of CKP fields was 
that the vegetation structure within mowed portions of fields 
beccune tall enough to be attractive nesting cover later in 
the breeding season. Relative abundance of clay-colored 
sparrows and red-winged blackbirds increased at least 50% 
between the first and third point count in mowed portions of 
fields and theix eUsundance during the third point count was 
equivalent to the cQsundance observed in idled portions of 
fields. Frawley cuid Best (1991) observed that, by early 
July, mowed fields developed vegetative structure equivalent 
to that present prior to mowing in mid-Nay. Late in the 
breeding season, it was difficult for us to visually 
distinguish between the idled euid mowed portions of CRP 
fields. The only major difference between them appecured to 
be the greater steuiding dead vegetation and litter in idled 
portions of fields. 
Our power to detect differences in bird sUsundance was 
low because of the small number of fields used (n - 12) and 
t h e  s m a l l  n u m b e r  o f  p o i n t  c o u n t s  i n  e a c h  f i e l d  ( m e d i a n  ~  2 ) .  
For eza]q>le, in our analysis of the relative abundcuice of 
grassleuid songbirds in idled and mowed portions of CRP 
fields, power ranged from 0.10 for the song sparrow to 0.62 
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for -the sedge wren (median = 0.40). The timing of point 
counts between years (1997 san^ ling period = 28 May - 6 July, 
1998 sanqpling period = 25 May - 6 June) prohibited more 
sophisticated analyses of how time may influence a species' 
response to mowing. In peirticuleu:/ we could not use fields 
in 1998 to examine if there were differences in the relative 
abundance of birds between the first euid third counts in 
idled etnd mowed portions of fields. 
Management Implications 
Dale et al. (1997) suggested that one way to mcLintaiin a 
diverse grasslcuid bird community would be to mow half of a 
large grassland field while leaving the remaining half idle. 
Results from our study indicate that this management strategy 
would allow 2 species with different hedsitat requirements, 
the grasshopper sparrow and Le Conte's sparrow, to occupy a 
field concurrently. In our study, Le Conte's sparrows were 
found on all 6 fields occupied by grasshopper sp2u:rows. 
Peurtial mowing of CRP fields would be consistent with 
previous recommendations to provide a mosaic of grasslemd 
habitats with different mcuiagement regimes such as burning, 
grazing, and mowing (Kirsch et al. 1978, Skinner et al. 1984, 
Herkert et al. 1996). Herkert et cU.. (1996) suggest that 
mowing 20 - 30% of a grassland field every 3-5 years would 
balance the positive and negative consequences of mowing for 
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grassland birds as a group. Mowing should either take place 
prior to the arrival of birds in spring or after the breeding 
season has concluded (Bollinger et al. 1990, Frawley and Best 
1991). If mowing is necessary during the breeding season, it 
should be conducted no earlier than 15-20 July (Herkert et 
al. 1996, Dale et al. 1997). 
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Table 1. Mean number of birds/point count in portions of 12 CRP fields in North Dakota 





Mean SE Fb pa 
Cistothorua platensis 0.82 0.26 0.14 0.08 10.47 0.01 
Geothlypis trichas 0.39 0.11 0.21 0.07 2.65 0.13 
Spizella pallida 1.04 0.22 0.46 0.12 4.05 0.07 
Passerculua aandwichensis 0.57 0.13 1.04 0.14 5.71 0.04 
Anaaodramua aavannarum 0.04 0.06 0.21 0.08 2.65 0.13 
Aamodramua leconteii 0.68 0.14 0.29 0.20 4.07 0.07 





Dolichonyx oryzivorua 0.86 0.17 0.68 0.20 0.66 0.44 
Agelaiua phoeniceua 0.57 0.19 0.14 0.06 3.92 0.08 
Molothrua ater 1.14 0.30 0.93 0.18 0.72 0.42 
Carduelia triatia 0.14 0.06 0.21 0.07 0.55 0.48 
Table 1. (continued) 
a Standard error is among fields. 
b F = The F value obtained for the treatment effect in the 2-way Analysis of 
Variance test (d.f. = IflO). 
o p s  The P  value obtained for the treatment effect in the 2-way Analysis of 
Variance test. 
Table 2. Hean number of birds/point count during the first and third point counts in 
portions of 8 CRP fields in North Dakota that were mowed the previous year, 1997. 
First count ThiFd Qount 
Species Mean SEa Mean SE tb pa 
Ciatothorus platensis 0.18 0.10 0.14 0.10 0.84 0.43 
Geothlypis trichas 0.27 0.08 0.32 0.08 0.37 0.72 
Spizella pallida 0.54 0.15 0.82 0.20 1.94 0.09 
Paaaerculua aandwichenaia 0.96 0.18 0.73 0.27 1.61 0.15 
Anaaodramua aavannarum 0.23 0.11 0.23 0.11 0.01 0.99 
Amaodramua leconteii 0.09 0.09 0.05 0.04 1.05 0.33 
Meloapiza melodia 0.09 0.04 0.14 0.08 1.05 0.33 
Dolichonyx oryzivorua 0.55 0.15 0.45 0.35 0.26 0.81 
Agelaiua phoeniceua 0.18 0.08 0.37 0.11 1.96 0.09 
lk>lothrua ater 1.05 0.22 1.32 0.20 0.88 0.41 
Carduelia triatia 0.27 0.09 0.14 0.06 1.54 0.17 
Table 2. (continued) 
• Standard error is cunong fields. 
*> t = The t value obtained from the paired-sample t test (d.f. = 1,7), 
o p = The P value obtained from the paired-sample t test. 
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CHAPTER 4. TBB IHFLUEHCB OP LANDSCAPE CONPOSITXOH OH THE 
RBLATIOHSHIPS AN0H6 REST SUCCESS, FIELD SIZE, AHD EDGES 
A paper to be submitted to Ecological Applications 
David Joseph Horn, Michael L. Phillips, Rolf R. Koford, 
William R. Clark, Marsha A. Sovada, and Raymond J. Greenwood 
Abstract 
Differences in landscape composition may be responsible 
for the conflicting results of recent studies examining the 
relationships among nes^ - success of ducks, field size, and 
edges. We examined how differences in grassland con^ sition 
influence the relationships between the nest success of ducks 
and field size, and distance to nearest field and wetland 
edges. We contrasted 6.4 x 6.4 km study areas con^ sed of 
15-20% grassland with areas composed of 51-55% grassland in 
central North DeUcota during the 1996-1997 nesting seasons. 
Nest success of ducks in fields increased as field size 
increased, and was greater in study areas with 51-55% 
grassland ccnnpared to 15-20% grassland. In study areas with 
15-20% grassland, there was no relationship between 
probability of hatching and distance to nearest field edge, 
and probability of hatching was low. In study areas with 51-
55% grassland, there was a positive relationship. 
Interpretation of future habitat fragmentation studies on 
nesting ducks should take into account the landscape context 
in which the study takes place. 
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Introduction 
Between 1935 and 1992, the nest success of upland-
nesting ducks in the Praixie Pothole Region decreased 
approximately 0.5% per yecu: (Beauchamp et al. 1996). One 
reason for this may be heibitat loss and fragmentation on the 
breeding grounds (Cowardin et al. 1983). Habitat 
fragmentation may result in smaller patches of suitcible 
habitat surrounded by unsuitable habitat (Meffe and Carroll 
1994, Primack 1995). Ducks nesting in smaller patches may 
have lower nest success than ducks nesting in continuous 
hcQ)itat (Ball et al. 1995), due to increased predation by 
mammals such as red fox, Vulpes vulpes, and striped skunk. 
Mephitis mephitis (Sargeant 1972, Sargeant et al. 1984, 
Greenwood 1986). A second consequence of habitat 
fragmentation is a change in the amount of edges (Meffe euid 
Carroll 1994, Primack 1995). Small patches have higher edge 
to area ratios thcui large patches of the same shape, and 
ducks nesting close to edges may be more susceptible to nest 
predation by mammalian predators (Livezey 1981a, 1981b, 
Crabtree et al. 1989, Pasitschnieik-Arts and Messier 1995, 
1996). Proposed reasons for increased mannalian predation 
close to edges include higher concentration of prey e^ .ong 
edges presumably leading to increased foraging opportunities 
(Gates emd Gysel 1978, Chasko and Gates 1982, Dijak and 
Thon^ son 2000), and nest predators using habitat edges such 
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as roads as travel corridors (Bider 1968, Small cuid Hunter 
1988) emd take prey incidentally (Vickery et al. 1992). 
If habitat reduction and fragpnentation negatively 
influenced nest success of ducks, we would predict positive 
relationships between nest success and field size. Although 
numerous studies have examined the relationship between field 
size and nest success, results from these studies are not 
consistent (Clark euid Nudds 1991). Some studies found 
greater nest success in large patches con^ ared to smellier 
patches or strip habitats (Krasowski and Nudds 1986, Klett et 
al. 1988, Kantrud 1993, Greenwood et al. 1995), whereas 
others have found no relationship between nest success and 
patch size (reanalysis of Duebbert emd Lokemoen [1976] by 
Clark and Nudds [1991]), and low nest success in relatively 
large fields (Livezey 1981a, Greenwood 1986). 
Results of studies examining the relationships between 
disteuice to edges and nest success have also been 
inconsistent. Using eurtificial duck nests, PasitschnicUc-Arts 
eUid Messier (1995, 1996) found positive relationships between 
prob£Q)ility of hatching and distance to nearest field edge. 
For example, Pasitschniak-Arts and Messier (1996) found that 
the daily survival rates of artificial nests increased up to 
250 m from the edge. However, a natural-nest study by Pasitschniak-
Arts et al. (1998) found little evidence that probability of 
a nest hatching was influenced by distance to different edge 
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types. One reason for the conflicting results among these 
studies may be that two of the studies used artificial nests 
and one used natural nests (Butler cuid Rotella 1998). 
Another important factor influencing the nest success of 
ducks may be landscape coiq>osition. Greenwood et al. (1995) 
reported that nest success decreased in 1.6 x 16.0 km study 
areas as the amount of cropland in the lemdscape increased. 
Williams et al. (1999) showed that, as the eunount of 
perennial grassland in 3.2 x 3.2 km plots increased, the nest 
success of ducks increased. One reason for decreased nest 
success in landscapes with lesser amounts of grassland may be 
that increased habitat loss euid fragmentation may alter 
predator community composition (Sargeant et al. 1993, 
Rosenblatt et al. 1999), eUid differences in predator 
communities may in turn influence duck nest success (Johnson 
et al. 1989, Sovada et al. 1995). For example, coyote, Canis 
latreuis, were associated with lemdscapes with large amounts 
of grassland in a study by Greenwood et al. (1995). Red fox, 
a major nest predator, tend to be displaced by coyotes 
(Sargeant 1972, Sargeant et eU.. 1984), and nest success is 
greater in landscapes where coyotes are the dOTiinant cemid 
(Sovada et al. 1995). Thus, with increased habitat loss emd 
fragmentation, we should observe decreased nest success, 
suggesting that landscape coa^ sition may be responsible for 
conflicting results of habitat fragmentation studies (Andr6n 
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1994). 
We investigated how the amount of nesting habitat in the 
landscape influenced bird-habitat relationships observed 
cunong fields. Specifically, in Icuidscapes that varied in 
their amount of perennial grassland, we contrasted the 
relationships between: 1) duck nest success euid field size, 
cuid 2) probability of hatching and distance to nearest field 
and wetlcuid edges. We predict that relationships between 
nest success and field size, and probability of hatching cUid 
distcuice to nearest edges, will be most apparent in 
landscapes with lower amounts of perennial grassland 
(McLellcUi et al. 1986, Fahrig 1998). 
Methods 
Study areas.—The study took place in the Prairie 
Pothole Region of central North Dakota during the 1996-1997 
breeding seasons. The Prairie Pothole Region is one of the 
most in^ rtant cireas in North America for waterfowl 
recruitment, for approximately 50% of the continent's ducks 
fledge in the Region (Bellrose 1976, Cowardin et al. 1983), 
cuid some parts of the Region have large tracts of grassland 
remaining. 
Two types of 6.4 x 6.4 km study areas were selected 
based on the amount of perennial grassland they conteujied. 
The first study-area type, which we called moderate-grassland 
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con^ sition, contained 15-20% perennial grassland and 80-85% 
other habitat (primarily wetland and cropland such as wheat, 
sunflower, canola, com, and beans) (Table 1). The perennial 
grassland consisted primeurily of fields enrolled in the 
Conservation Reserve Program (CRP). Other perennial 
grassland in the study curea included pastureland, hayland, 
fields enrolled in the Water Bank Program (WBP) and Waterfowl 
Production Areas (WPAs). Collectively, we refer to CRP, WBP, 
and WPA fields as plcuited cover. In 1996, the NW comer of 
the moderate-grassland study area was the NW comer of 
section 34 of Svea Township in Barnes County (Litchville), 
and in 1997 the NW comer of the moderate-grassland study 
area was section 12 of Berlin Township in Wells County 
(Bowdon). Different study areas were selected each year to 
increase our san^ le size of fields within each study-area 
type. 
The second study-area type, which we called high-
grassland composition, contained 51-55% perennial grassland 
cmd 45-49% other hcibitat (T£ible 1). The high-grassland study 
areas contained greater amounts of CRP land coii^ >ared to the 
moderate-grassland study areas and also contained large 
amounts of other perennial grasslands, particularly 
pastureland. In 1996, the NW comer of the high-grassland 
study area, was the NW comer of section 20 of Iosco Township 
in Stutsman County (Medina), and in 1997 the NW comer of the 
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high-grassland study area was the NW comer of section 6 of 
Silver Lake Township in Wells County (Hurdsfield). 
For 1996, the study areas were selected using habitat 
con^ sition information from 3.2 x 3.2 km plots used by the 
U.S. Fish and Wildlife Service in North Dakota. Study area 
selection also took into account road access and landowner 
cooperation, so the original 3.2 x 3.2 km plot used by the 
U.S. Fish and Wildlife Service did not necessarily end up 
being in the center of our 6.4 x 6.4 km study area. During 
1997, study areas were selected using digital satellite data 
from Landsat Thematic Mapper images of central North Dakota 
that were incorporated into a Geographic Information System 
(GIS). We then used the GIS to identify study areas with 
similar habitat coiqiositions to those in 1996. Final 
decisions on the location of 1997 study areas were also based 
on road access, landowner cooperation, and travel time of 
field crews. 
Field and edge definitions.—The agricultural landscape 
of central North Dakota was considered a mosaic of patches of 
three major types: perennie^ . grassland, cropland, and 
wetlcuid. Because of the nature of land ownership, patches 
(excluding wetlands) tended to be rectangular and well-
defined due to the presence of edges such as paved or gravel 
roads. Terrestrial patches were distinguished by differences 
in height and density of vegetation among habitat types. 
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differences in the level of disturbance between habitat 
types, and patches represented the smallest unit of 
homogeneous hedaitat availeUsle to ducks and predators. 
Patches of perennial grassland were separated into three 
subcategories: planted cover, hayland, and pastureland. 
Patches of perennial grasslcuid were bordered by other heUsitat 
classes such as cropland, and edges such as paved or gravel 
roads. Wetlands were within a patch or served as a patch 
border depending upon their position. Ephemeral and 
ten^ orary wetlands (Stewart and Kantrud 1971) were considered 
part of the terrestrial habitat, not aquatic habitat. Thus, 
a ten^ rary wetland found within a CRP patch would be 
considered part of the CRP patch, and not as a wetlcuid, for 
purposes of calculating patch size. Treerows, fencerows, and 
dirt roads were not used to divide patches of perennial 
grassland. Two p£u:cels of grassland that were separated by a 
paved or gravel road were considered to be different patches. 
Thus, CRP land on either side of a paved road was considered 
two separate patches, but CRP land adjacent to NBP land that 
was sepcurated by a fencerow was considered one patch. 
Pastureland euid hayland were considered to be a distinct 
habitat from planted cover because of differences in 
vegetation height, density, and disturbance. Throughout the 
paper, we refer to each patch of planted cover that we 
searched as a sanipled field. 
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A field edge was defined as the place where a planted 
cover field adjoins a different patch type (e.g., cropland, 
wetland, hayland, or pastureland), or a paved or gravel road. 
Treerows, fencerows, or dirt roads were not considered field 
edges. Ephemeral and ten^ rary wetlands were considered 
aquatic hcU)itat for purposes of determining the distance of a 
duck nest to the necurest wetland edge. 
Methods.—In all study areas, we searched for duck nests 
on all CRP and WBP fields for which we had permission to 
search except two CRP fields were not san^ led in Medina 
because they were surrounded by a predator exclosure fence. 
Some HfPAs did not consist exclusively of planted cover, and 
thus, were not seeirched. By restricting our nest searching 
to CRP and NBP fields, we reduced the effect of variation in 
vegetation on nest success. In addition, pl£Uited cover, such 
as that on CRP 6uid JHEP fields, is preferred by ducks over 
other nesting habitats such as pastureland and hayland (Klett 
et al. 1988). 
Overall, we searched 41 fields comprising 3,764 ha. 
Field sizes ranged from 2-606 ha with a median size of 36 ha. 
In the moderate-grassland study arecis we securched 24 fields 
consisting of 1,083 ha (range = 2-192 ha, medicui = 24 ha), 
while in the high-grasslcuid study areas we searched 17 fields 
coiqprising 2,681 ha (range = 4-606 ha, median = 60 ha). 
Searches for duck nests were conducted using a chain 
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dragged between two all-terrain vehicles or jeeps using 
procedures described by Higgins et al. (1969) euid Klett et 
al. (1986). Nest securching took place from ecirly May to 
middle July. Each field was searched 3 times in 1996 and 4 
times in 1997. Upon finding a nest, a willow stake with pink 
flagging was placed 3.7 m N of the nest, euid we determined 
the age of the clutch via candling (Weller 1956). Duck nests 
were rechecked approximately every 10 days until the fate of 
each nest was determined. Fate was estcU^ lished using 
guidelines described by Klett et al. (1986). we also 
determined the Universal Transverse Mercator (UTM) 
coordinates of each duck nest using a Global Positioning 
System. 
Aerial videography was tcJcen of each study area and then 
incorporated into a GIS to create study-area coverages. 
Spatial data from the National Wetleuids Inventory (for 
wetlcuids) eUid U.S. Geological Survey (for roads) were also 
used. Using the study-area coverages emd the UTM coordinates 
of ducks nests, distemces of a duck nest to the nearest field 
and wetlcuid edges were determined using the "Near" comnand in 
Arc/Info (ESRI 1992). 
Daily survival rates (DSR) of duck nests were estimated 
for each field using methods developed by Mayfield and 
modified by Johnson (Mayfield 1975, Johnson 1979), «Aere DSR 
- 1 - (total number of nests %i^ ere failure was attributed to 
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predators / exposure days). Mayfield nest success for each 
field was calculated as DSR34. DSR and Mayf ield nest success 
were calculated using programs provided by Northern Prairie 
wildlife Research Center. Because of the small number of 
nests found for some species (remge = 4-572 nests found for 
each species, median = 111)/ and small numbers of nests found 
for all species combined on some fields (range - 1-323 nests 
found on each field, medicui =12), nests of all species were 
combined to estimate nest success in a field. 
Linear regression was used to determine if there was a 
relationship between nest success of ducks in a field, as 
measured using the arcsine transformation of DSR, and year 
(1996 or 1997, categorical variable), study-area type 
(moderate grassland or high grassland, categorical vari2U3le), 
field size (continuous Vcuriable), and the interaction between 
study-area type and field size (Zar 1984). If we did not 
detect a significemt study-cu:ea type x field size 
interaction, we ran a linear regression model that only 
included yecu:, study-area type, cuid field size. Observations 
were weighted by the number of exposure days in each field, 
vrtiere the observation's contribution in the euialysis was 
equal to the number of exposure days for that observation 
divided by the toted, number of exposure days frcxa all 
observations. Due to small san^ le size, results were 
considered significeuit if P < 0.10. If an interaction was 
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detected, we individually examined the relationship between 
nest success and field size in each study-area type using 
linear regression. We did not examine the year x study-area 
type interaction because it is confounded with our 4 study 
areas. Data were analyzed using the Reg Procedure of the SAS 
statistical package (Version 6.12, Dilorio 1991). 
Logistic regression was used to examine the relationship 
between probability of an individual duck nest hatching 
(v^ ere an individual nest either hatched or did not hatch) 
euid the following independent variables: study-area type 
(moderate grassland or high grasslcuid), date of nest 
initiation (continuous), distance to nearest field edge 
(continuous), distance to nearest wetland edge (continuous), 
interactions between study-area type and distance to nearest 
field and wetland edges, interactions between date of nest 
initiation and distance to nearest field and wetland edges, 
year (1996 or 1997), and exposure days (continuous) (Sharma 
1996). If an interaction was detected between study-area 
type eUid distance to necirest edge, we individually examined 
the relationship between probability of hatching and distance 
to nearest edge in each study-area type using logistic 
regression. Data were analyzed using the stepwise selection 
method in the Logistic Procedure of the SAS statistical 
package (Stokes et al. 1995). 
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Results 
Overall, we found 1,810 duck nests of nine species: 
Green-winged Teal (Anas creccaj n ^  22 nests), Mallcurd [Anas 
platyrhynchos; n = 363), Northern Pintail (Anas acuta} n -
174), Blue-winged Teal (Anas discors; n - 572), Northern 
Shoveler (Anas clypeata; n = lll)f Gadwall (Anas strepera; n 
= 509), American wigeon (Anas anericana; n = 32), Redhead 
(Aythya americana; n = 4), and Lesser Scaup (Aythya affinis; 
n s 17). We could not identify the species responsible for 
six duck nests. Hecui nest success in fields as calculated 
using the Mayfield method was 0.06 euid 0.07 in study areas 
with moderate eunounts of grassleuid, and 0.11 and 0.25 in 
study areas with high amounts of grassland (Table 2). 
Nest success of ducks in fields as measured using the 
curcsine transformation of daily survival rate was not 
influenced by the interaction between study-area type euid 
field size (Table 3). We found a positive relationship 
between nest success and field size (Table 3, Fig. 1). If 
the Icurgest field, however, is removed from the analysis, 
there is no longer a positive relationship (P - 0.4234). We 
found greater nest success in fields in high-grassland study 
cureas compared to moderate-grassland study areas (Table 3). 
Mean nest success in fields, as calculated using the Mayfield 
method, was 0.06 (SE » 0.01) in study areas with moderate 
amounts of grassleuid, cuid 0.22 (SE = 0.03) in study areas 
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with high eunounts of grassleuid. 
Results of the stepwise logistic regression analysis 
between probability of cui individual duck nest hatching and 
six independent varied>les (euid four interaction terns) 
resulted in a final mcxlel with the variables: distance to 
nearest field edge, interaction between study-area type and 
distcuice to nearest field edge, yecu:, and exposure days 
(Table 4). We found no effect of date of nest initiation, 
distance to neeurest wetland edge, or interactions involving 
date of nest initiation and distance to nearest wetland edge 
on the probeUsility of hatching. In study areas with high-
grassland con^ sition, we found a positive relationship 
between probed>ility of hatching and distance to neeucest field 
edge (Tcdsle 4, Fig. 2), while in study cureas with moderate-
grassleuid composition we did not detect a relationship (Table 
4, Fig. 2). 
The positive relationship between probeUsility of 
hatching and disteuice to nearest field edge in high-grassland 
study areas was very strongly influenced by nests that were 
farthest from field edges. Of the 80 nests > 400 m fr<»i the 
nearest field edge in high-grassland study cireas, 57 hatched 
(71% appeurent hatch rate). Of the 783 nests < 400 m from the 
nearest field edge, only 299 (38%) hatched. Because the 
greatest distance to a field edge for a nest in the moderate-
grassland study areas was 379 m, we also examined the 
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relationship between probability of hatching and distance to 
nearest field edge for nests < 380 m from a field edge. We 
found no relationship in the high-grassland study areas (P -
0.7056). 
Discussion 
Previous studies examining the effects of field size and 
edges on the nest success of ducks have not interpreted their 
results in the context of the landscape composition v^ ere the 
study took place. We found that the amount of perennial 
grassland in the landscape influenced the relationship 
between nest success of ducks and distance to field edge. In 
study cureas with 15-20% grassland, no relationship was found 
between probability of hatching and distance to necurest field 
edge, euid probability of hatching was low. A positive 
relationship between probability of hatching cuid distance to 
ne£u:est field edge was found in study eureas with 51-55% 
grassland. Thus, lemdscape composition may influence results 
of habitat fragmentation studies (Andr6n 1994). We also 
found that nest success in fields increased as field size 
increased, and nest success was greater in study areas with 
51-55% grassleuid compared to 15-20% grassland. 
interactions among nest success, study-area type, and 
edges have also been observed in forest-dcxninated Icuidscapes. 
Donovan et eil. (1997), using artificial nests, found a high 
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predation rate in both edge and core habitats in highly 
fragmented landscapes. In moderately fragmented landscapes, 
the predation rate was high in edge habitats, but 
significantly lower in core habitats. The predation rate was 
low in both edge and core heUsitats in unfragmented 
lauidscapes. 
Previous studies investigating the relationship between 
nest success of ducks and distance to field edge have been 
inconclusive. Pasitschniak-Arts and Messier (1995), using 
eurtificial nests, found a positive relationship between daily 
survival rates euid distance to habitat edge in idled 
grassland fields. Pasitschniak-Arts and Messier (1996) found 
greater nest predation of artificial nests along edges 
compared to the interior up to 250 m from habitat boundaries. 
However, Pasitschniak-Arts et al. (1998) found no 
relationship between the probability of natural Mallard, 
Blue-winged Teal, and Gadwall nests hatching and distance to 
nearest heUsitat edge. One reason they suggested for not 
finding an effect was that all of their fields were small 
enough (i.e., 20-64 ha, maximum distance of a nest to a 
habitat edge = 150 m) to be effectively searched by mamnalieui 
predators. 
Livezey (1981a, 1981b) and Crabtree et al. (1989) found 
an increase in duck nest survival with an increase in min-iimnn 
distance from water. For ezao^ le, Livezey (1981a) found that 
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successful nests were placed at greater distemces from 
wetland edges (mean = 219 m, SE = 50 m) than unsuccessful 
nests (mean > 158 m, SE = 12 m). In our study and a study by 
Pasitschniak-Arts et al. (1998) there was no effect of 
distcuice to wetland edge on hatching probcibility. 
Not detecting a positive relationship between 
probability of hatching and distcUice to nearest wetleuid edge 
was eui unexpected result. M. L. Phillips (unpubl. data) 
observed high striped slcunk and red fox activity levels near 
wetland edges, and previous studies suggest that nests 
destroyed by skunks (Keith 1961) and raccoons, Procyon lotor, 
(Fritzell 1978) were more likely to be closer to water. 
One difference between the studies that found 
significant wetland-edge effects and those that did not is 
the amount of wetlcuids in the landscape. Studies finding a 
wetland-edge effect were conducted in northern Utah (Crabtree 
et al. 1989) or Wisconsin (Livezey 1981a, 1981b), where 
wetlcuids are not a dominant landscape feature. Studies 
conducted in the Prciirie Pothole Region of Saskatchewan 
(PasitschnicUc-Arts et al. 1998) or North Dakota (this study), 
t^ ere wetlands are comnon, have not detected an effect of 
wetlcuid edges. 
The large number of wetlands in our study cuceas means 
that there were relatively short distances between wetlands 
euid nests. The short disteuices of nests to wetlands may be 
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another reason for not detecting an effect of distance to 
nearest wetland edge on the probability of hatching. For 
example, the greatest distance between a duck nest and 
wetland edge was 445 m, and only 54 nests were > 300 m from a 
wetlcuid edge, compared to 721 m for the greatest distance of 
a nest to a field edge. The effect of field edge was 
negligible at distances < 380 m. Thus, before distance to 
wetland edge can be discounted as an In^ rtant factor 
influencing a duck nest's probability of hatching, studies 
examining predator behavior and fate of nests greater than 
400 m from a wetland edge should be examined. 
Our nesting results lead to two conclusions: 1) nest 
success was greatest in Icurge fields in the high-grassland 
study areas, and 2) the greater nest success in the Icurge 
fields may be due to the greater probeUaility of nests 
hatching farther from field edges. Given that nest predation 
is the primaury cause of nest failure, and given our results, 
we predict that predator activity levels would be different 
in the two study-cirea types. Specifically, %«e should find 
different predator activity levels within the edges and/or 
cores of planted cover fields in the moderate- and high-
grasslcuid study areas. M. L. Phillips (unpubl. data) 
captured and monitored movements of 31 red fox and 99 striped 
skunk within our four study areas concurrent with the nesting 
study to cooqpare heUDitat selection of predators within 
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contrasting study-area types. Using con^ sitional analysis, 
he found that planted cover core was less frequently selected 
by red fox in the high-grassland study areas compared to the 
moderate-grassland study cureas (planted cover core habitat is 
defined as planted cover habitat that is > 50 m from any 
field edge). This result may be due to the large amount of 
planted cover core available in high-grassland study areas. 
In addition, Icurge amounts of pasturelsuid in high-grassleuid 
study cureas may have provided additional foraging 
opportunities for fox. Thus, the interaction that we 
detected betvieen probability of hatching, study-area type, 
and distance to necirest field edge may be due to differences 
in predator movement patterns within contrasting study-area 
types. Specifically, the less frequent use of planted cover 
core by red fox in high-grasslcuid study eureas may have 
resulted in greater nest success tar from field edges. 
Our study, combined with results from previous studies 
using natural nests, indicates that increased nest success 
may only occur at large distances away from edges (i.e., 
100's of m). One reason why nest success is greater at such 
Icurge distances from edges may be the predator community 
present. Duck nest success is greater in areas vAere coyotes 
£ire the dominant canid caiQ>ared to the red fox (Sovada et al. 
1995). Greenwood et al. (1995) suggested that coyotes 
frequented lemdscapes with Icurge amounts of grassland that 
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were far away from roads. Red fox are found in a wide 
variety of habitats (Oehler and Litvaitis 1996). When both 
coyote and red fox are in the same area, red fox are 
typically found in the periphery of a coyote's home range 
(Sargeant et al. 1987). If a coyote's hcane rcinge was 
centered around a large grassland field, it may result in a 
pattern of lower nest success along the peripheiy of the 
field, v^ ere red fox are most likely to occur, and high nest 
success in the center, where coyotes cure most likely to 
occur. 
In our study, we did not Scui^ le fields > 192 ha nor did 
we find nests fcurther theui 379 m from the necurest field edge 
in moderate-grassland study areas. It would be valuable to 
determine the nest success in large fields (i.e., > 600 ha) 
in moderate-grassland study areas, euid if nests far from 
field edges in moderate-grassland study areas also have very 
low nest success. A lack of an edge effect would provide 
support that our observed interaction was not due to the 
difference in the range of distances to field edge between 
moderate- and high-grassland study cireas. 
Wiens (1989) suggested that the landscape surrounding a 
patch may be an io^ rtant determinant influencing bird 
communities. A landscape factor previously shown to 
influence duck nest success is regioncU. abundance of 
perennial grassland (Greenwood et al. 1995, Williams et al. 
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1999), which in turn influences predator community 
coiq>osition (Scurgeant et al. 1993, Sovada et al. 1995). We 
found that landscape con^ sition also influenced bird-habitat 
relationships observed among fields, specifically the 
relationship between probability of an individual duck nest 
hatching and distance to nearest field edge. Future studies 
examining the effects of habitat fragmentation on nesting 
ducks should consider the landscape context in which the 
study takes place. 
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Table 1. Habitat con^ sition (%) of four study areas used in 
central North Dakota during the 1996-1997 waterfowl breeding 
seasons. 
Percent of study area comprised of: 
Study-area type Plemted Hay Pasture Wetland Cropland Other 
and naioe coveri 
Moderate-grassland con^ sition 
Litchville 11.9 0.1 2.8 7.0 76.2 2.1 
Bowdon 14.8 2.4 3.0 14.7 63.3 1.9 
High-grassland composition 
Medina 25.9 4.6 20.6 7.8 39.4 1.7 
Hurdsfield 23.5 1.6 29.9 17.6 25.7 1.7 
1 Planted cover was comprised of Conservation Reserve 
Program, water Bank Program, and Waterfowl Production Area 
fields. 
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Table 2. Mayfield nest success of ducks within four study-
areas used in central North Dakota during the 1996-1997 
breeding seasons. 
Study-area type Nest success of ducks in fields 
and name ni Means 95% ci3 SD* 
Moderate-grassland con^ sition 
Litchville 12 0.06 0. 02 - 0.10 0.88 
Bowdon 12 0.07 0. 04 - 0.10 0.83 
High-grassland conqposition 
Medina 10 0.25 0. 18 - 0.32 2.98 
Hurdsfield 7 0.11 0. 03 - 0.19 1.69 
1 Number of fields in study area. 
2 Mean nest success of ducks among fields. Observations 
were weighted by the number of exposure days in each field. 
3 95% confidence intervals of mecUi nest success of ducks 
among fields. Observations were weighted by the number of 
exposure days in each field. 
* Standard deviation among fields. 
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Table 3. Results of linear regression analyses between nest 
success of ducks in fields as measured using the arcsine 
transformation of daily survival rate, and I) year, field 
size (ha), study-cirea type, and the interaction between field 
size and study-area type, and II) year, field size, euid 
study-area type, in central North Dakota during the 1996-1997 
breeding seasons. 
Model and Parameter 
variable estimate SE P F Rz 
Full model 
Intercept 1 .3102 0. 0232 0 .0001 
Year -0 .0192 0. 0156 0 .2273 
Field size -0 .0002 0. 0002 0 .3177 
Study-area type 0 .0088 0. 0272 0 .7487 
Interaction 0 .0003 0. 0002 0 .1297 
effects model 
Intercept 1 .2841 0. 0162 0 .0001 
Year -0 .0195 0. 0159 0 .2278 
Field size 0 .0001 0. 0000 0 .0622 




Table 4. Parameters of logistic regression models of 
probability of eui individual duck nest hatching, and I) 
distance to nearest field edge (m), interaction between 
study-area type and distcUice to necurest field edge, year, and 
exposure days, II) distance to nearest field edge in study 
areas with moderate-grassland con^ sition, cind III) distance 
to nearest field edge in study areas with high-grassland 
composition, in central North Dakota during the 1996-1997 
breeding seasons. 
Model and Parameter 
variable estimate SE P Rzi 
Moderate- euid high-grassleuid study areas 
Intercept 1787.1 314.7 0 .0001 
Field edge -0.0030 0.0013 0 .0238 
Interaction 0.0054 0.0012 0 .0001 
Yecu: -0.8966 0.1576 0 .0001 
Exposure days 0.1579 0.0098 0 .0001 
Moderate-grassleuid study areas 
Intercept -1.3312 0.1732 0.0001 0.00 
Field edge -0.0019 0.0015 0.1897 
High-grassland study areas 
Intercept -0.6828 0.1016 0.0001 0.02 
Field edge 0.0020 0.0005 0.0001 
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Table 4. (continued) 
1 R2 is derived from SAS Institute Inc. (1995). 
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Fig. 1. Relationship betvieen Mayfield nes-t success of duclcs 
in fields and field size in central North DcUcota during the 
1996-1997 breeding seasons. Dashed lines are the 95% 
confidence limits of expected values of the mean for each 
field. 
Fig. 2. Relationships between probability of an individual 
duck nest hatching euid distance to nearest field edge in 
study-area types with high- and moderate-grassland 
coi^ )osition used in central North Dakota during the 1996-1997 
breeding seasons. Plotted incidence functions include the 
95% confidence limits of expected values of the mean for each 
distance to nearest field edge. 
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CHAPTER 5. THE EFFECTS OF UkMDSCAPE STRUCTURE AMD 
PREDATOR ACTIVITY ON THE NEST SUCCESS OF 
UPLAMD-HESTIHG DUCKS 
A paper to be submitted to Journal of wildlife Hanagement 
David Joseph Horn, Michael L. Phillips, Marsha A. Sovada, 
Rolf R. Koford, William R. Clark, and Raymond j. Greenwood 
Abstract 
Possible reasons for the decreasing nest success of 
upland-nesting ducks in the Prairie Pothole Region include 
the direct effects of habitat loss, and its indirect 
consequences such as heUaitat fragmentation cuid alteration of 
the predator community. We excunined how landscape structure 
and predator activity levels influenced the nest success of 
ducks in 20 Conservation Reserve Program fields at four 
spatial scales (500 m, 1000 m, 1500 m, and 2000 m radii from 
the centroid of each field). The study took place in central 
North Dakota during the 1996-1997 waterfowl breeding seasons. 
At 500 m, coyote, Canis latrans, and badger, Taxidea taxus, 
activity levels were positively related to nest success of 
ducks in fields. At 1000 m, 1500 m, euid 2000 m, the 
proportion of perennieJ. grassland, or core pleuited cover, and 
badger activity were positively related to nest success. 
Factors most in^ rteuit in predicting duck nest success in a 
field vciry with spatial scale. At small spatial scales, 
predator activity levels were most important in predicting 
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nest success v^ ile at large spatial scales, the proportion of 
perennial grassleuid, or core planted cover, was most 
inqportant. 
Introduction 
Nest success of upland-nesting ducks in the Prairie 
Pothole Region (PPR) decreased approximately 0.5% per year 
between 1935 and 1992 (Beauchaiq) et al. 1996b). Populations 
of northern pintail. Anas acuta, remain low even with recent 
improved wetland conditions on the breeding grounds (Miller 
and Duncan 1999). Habitat loss and fragmentation in the PPR 
are thought to be principal reasons for the decrease in duck 
nest success (Cowardin et al. 1983). Specifically, habitat 
loss and fragmentation create changes in landscape structure 
and predator community con^ sition that in turn influence 
nest success. 
Nest predation is the prisaary cause of duck nest failure 
in the PPR (Johnson et al. 1989, Fleskes and Klaas 1991). 
The major duck-nest predators include badger, Taxidea taxus, 
coyote, Ceuiis latrans, Franklin's ground squirrel, 
Spermophilus fremklinii, mink, Mustela vison, raccoon, 
Procyott lotor, red fox, Vulpes vulpes, and striped skunk, 
Hephitis aepbitis (Sargeant and Arnold 1984, Sargeant et eU.. 
1993). Heibitat loss and fragmentation may increase the 
susceptibility of duck nests to predation. Ducks nesting in 
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smaller patches may have loviier nest success than ducks 
nesting in larger patches or continuous hed)itat (Kcuitrud 
1993, Ball et al. 1995, Greenwood et al. 1995). One reason 
why nest success may be lower in smaller patches is that 
small patches have higher edge to area ratios than large 
patches of the same shape, and nest success may be lower 
closer to edges (Livezey 1981a, 1981b, Crabtree et al. 1989, 
PasitschnicUe-Arts euid Messier 1995, 1996). Proposed reasons 
for increased predation close to edges include higher 
concentration of prey along edges presumcdsly leading to 
increased foraging opportunities (Gates eUid s^el 1978, 
Chasko and Gates 1982, Dijak and Thompson 2000), and nest 
predators use habitat edges such as roads as travel corridors 
(Bider 1968, Small and Hunter 1988) and take prey 
incidentally (Vickery et al. 1992). 
In addition to reducing duck nest success, habitat loss 
cuid fragmentation also may alter predator community 
con^ sition (Rosenblatt et al. 1999, Scurgeant et al. 1993). 
Predator comminity composition, in turn, may influence the 
nest success of ducks (Johnson et al. 1989, Sovada et al. 
1995). For example. Greenwood et al. (1995) suggested that 
coyote were associated %rith landscapes with large amounts of 
grassland, in landscapes tdiere coyotes are present, red fox 
frequently are found only on the periphery of a coyote's 
territory (Sargeant et al. 1987). Nest success is greater in 
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landscapes where coyotes are the dominemt canid compared to 
red fox (Sovada et al. 1995). 
Johnson (1980) suggested that heibitat selection is 
hierarchical in nature. For exanple, a bird's habitat 
includes its geographic rcuige, a territory within its 
geographic rcuige, and individual heUsitats within its 
territory. At each hierarchical level different factors may 
influence hedsitat selection. Similarly, the habitat features 
most in^ rtant in predicting nest success and predator 
activity may vary with spatial scale (Freemark et al. 1995, 
Probst euid Thon^ son 1996, Pedlcuc et al. 1997, Bergin et al. 
2000). Bergin et al. (2000) found amounts of strip-cover 
habitats to be importcmt predictors of nest success of 
eurtificial nests along roadsides at smaller spatial scales 
while mean patch size and edge density were in^ rteuit at 
Icirger scales. Pedlcu: et al. (1997) found the frequency of 
occurrence of sugar maple, Acer saccbarum, and woody 
vegetation bet%ieen 1 cuid 2 m tall to be important predictors 
of raccoon activity at a small spatial scale and length of 
agricultural edge to be important at a larger scale. 
We investigated how landscape structure and predator 
activity levels influence nest success of ducks in fields 
within landscapes that veiried in their amount of perennial 
grassland. In addition, we excuuined the relative iji^ rtance 
of landscape structure £uid predator activity in explaining 
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nest success at multiple spatial scales. 
Methods 
Study areas.—The study took place during the 1996-1997 
waterfowl breeding seasons in the PPR of central North 
Dakota. The PPR is one of the most in^ rtant areas in North 
America for waterfowl recruitment, for approximately 50% of 
the continent's ducks fledge in the Region (Bellrose 1976, 
Cowardin et al. 1983). 
Four 6.4 X 6.4 km study areas were selected based on the 
amount of perennial grassland they contained. The study 
areas contained 11.9 - 25.9% planted cover (i.e.. 
Conservation Reserve Program [CRP], water Bank Program [WBP], 
and Waterfowl Production Area [WPA] fields), 0.1 - 4.6% 
hayland, 2.8 - 29.9% pastureland, 7.0 - 17.6% wetland, 25.7 -
76.2% cropland (i.e., wheat, sunflower, ceuiola, com, emd 
becuis), euid 1.7 - 2.1% other (Table 1). Two study eureas, 
Litchville and Medina, were used in 1996, and two study 
areas, Bowdon and Hurdsfield, were used in 1997. The NW 
comer of the Litchville study area was the NW corner of 
section 34 of Svea Township in Bames County, the NW corner 
of the Medina study area was the NW comer of section 20 of 
Iosco Township in Stutsman County, the NW comer of the 
Bowdon study area was the NW comer of section 12 of Berlin 
Township in Wells County, and the NW comer of the Hurdsfield 
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study area was the NW comer of section 6 of Silver Lake 
Township in Wells County. 
For 1996, the study areas were selected using habitat 
composition information from 3.2 x 3.2 km plots used by the 
U.S. Fish and Wildlife Service in North Dakota. Study area 
selection also took into account road access and landowner 
cooperation, so the original 3.2 x 3.2 km plots used by the 
a.S. Fish and Wildlife Service did not necessarily end up 
being in the center of our 6.4 x 6.4 km study areas. During 
1997, study cureas were selected using digital satellite data 
from Landsat Thematic Mapper images of central North Dakota 
that were incorporated into a Geographic Information System 
(6IS). We then used the 6IS coverage to identify study areas 
with similcir habitat con^ sitions to those in 1996. Final 
decisions on the location of 1997 study areas were also based 
on road access, leuidowner cooperation, and travel time of 
field crews. 
Methods.—ln all study areas, we searched for duck nests 
on all CHP and WBP fields for which we had permission to 
search except two CRP fields were not Scunpled in Medina 
because they were surrounded by a predator exclosure fence. 
By restricting our nest seeirching to CRP and WBP fields, we 
reduced the effect of local variation in vegetation on nest 
success. Furthermore, planted cover, such as that on CRP and 
WBP fields, is preferred by ducks over other nesting habitats 
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such as hayland and pas-tureland (Klett et al. 1988). 
Searches for duck nests were conducted using a chain 
dragged between two all-terrain vehicles or jeeps using 
procedures described by Higgins et al. (1969) and Klett et 
al. (1986). Nest searching took place from early May to mid-
July. Each field was searched 3 times in 1996 and 4 times in 
1997. Daily survival rates (DSR) of duck nests were 
estimated for each field using methods developed by Mayfield 
and modified by Johnson (Mayfield 1975, Johnson 1979), where 
DSR - 1 . (total number of nests where failure was attributed 
to predators / exposure days). Mayfield nest success for 
each field was calculated as dsr34. dsr and Mayfield nest 
success were calculated using programs provided by Northern 
Prairie Wildlife Research Center. Only fields in which we 
found > 15 nests (n - 20) were used in data euialysis. 
Because of the small numbers of nests found for all species 
combined on some fields (range = 16-323 nests found on each 
field, median =45), nests of all species were combined to 
estimate nest success in a field. Field sizes ranged from 25 
- 606 ha with a medieui field size of 99 ha. 
Red fox, coyote, striped skunk, and badger activity 
indices were estimated twice on each quarter section of each 
study area in which we had permission to search. At each 
quarter section, investigators would spend up to 30 minutes 
at locations most conducive to finding tracks. Investigators 
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would then categorize the amount of tracks at that gueurter 
section on a scale of 0 (no tracks) to 3 (abundant tracks). 
Field methods are more fully descrited by Johnson et al. 
(1989). We used the mean of the two visits as our estimate 
of predator activity, we calculated predator activity 
indices for each CRP or WBP field used in data analysis by 
taking a weighted average of the activity index for all of 
the quarter sections comprising a field. Weights were based 
on the proportion of the field lying within each quarter 
section. 
Aerial videography was tcUcen of each study area and then 
incorporated into a GIS to create habitat coverages. Spatial 
data from the National wetlands Inventory (for wetlcuids) and 
U.S. Geological Survey (for roads) were also used. For each 
CRP or WBP field used in data analysis r we calculated the 
centroid of the portion of the field within the study eurea, 
and created spatially-nested heibitat coverages with 500 m, 
1000 m, 1500 m, and 2000 m radii from the centroid of each 
field. The centroid of the portion of the field within the 
study curea was used because some of our fields extended 
outside the study area boundaries, but we only searched for 
ducks nests on portions of the field that %«ere within the 
study eirea. Landscape variables were then calculated for 
each field at each of the four spatieJ. scales using FRAGSTATS 
(McGarigal and Marks 1994). 
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Stepwise linear regression was used to determine if 
there was a relationship between nest success of ducks in a 
field and the following independent veiriables: plcuited cover 
patch density (# of planted cover patches per 100 ha), 
planted cover core area density (# of planted cover core 
cireas per 100 ha, where plemted cover core is defined as 
planted cover habitat > 50 m from a non-planted cover edge), 
grassland amount (proportion of perennial grassland in the 
landscape [includes plcUited cover, hayleuid, and 
pastureland]), planted cover core amount (proportion of core 
planted cover in the landscape), wetland edge density (amount 
of wetland edge in m per ha), wetlcuid amount (proportion of 
wetland in the landscape), euid predator activity indices of 
fox, coyote, badger, and skunk in fields (Table 2) (Zar 
1984). 
Due to high correlations (r > 0.50) among independent 
vcuriables (Tcibles 3 and 4), multiple models (n ^  4) were run 
at each spatial scale. Because of high correlations between 
skunk and fox activity indices, and skunk cuid coyote activity 
indices, we did not include all predator vcuriables in the 
same model (Table 3). Instead we ran models that contained 
either fox, coyote, emd badger activity levels, or skunk and 
badger activity levels. Because of the high correlations at 
all spatial scales bet%»een grassland amount and planted cover 
core amount, and wetland edge density and wetland amount, %ie 
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did not include all landscape variables in the same model 
(Table 4). Instead we developed two landscape models. Both 
models contained the vcirieUsles, planted cover patch density 
and planted cover core area density. The "landscape 
structure and predator activity" model also contained the 
vcuriables, planted cover core amount and wetland edge 
density, whereas the "landscape conqposition and predator 
activity" model also contained the varieU)les, grassland and 
wetland amount. At 500 m, however, correlations were high 
among nearly all landscape variables. Thus, we used only the 
V2u:ied3les plemted cover core amount and grassleuid amount in 
the Icuidscape structure and landscape composition models, 
respectively, at 500 m. These variables were used because 
they have previously been shown to influence nest success 
(Greenwood et al. 1995, Williams et al. 1999). There were 
two versions of each landscape model. In addition to the 
IcUidscape veu:ieUt)les, one version of the landscape model also 
contained the activity levels of fox, coyote, euid badger, 
«^ ile the second version contained the activity levels of 
badger and skunk. In summary, analyses were run for 4 models 
at each of 4 spatial scales. These models were distinguished 
by both the predator (fox, coyote, and badger activity 
levels, or badger cuid skunk activity levels) and landscape 
variables (grassland euid %ietland amount, or planted cover 
core amount and wetland edge density) they contained. 
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The selection criterion for varicd>les to both enter and 
remain in models was P < 0.10. Observations were weighted by 
the number of exposure days in each field, where the 
observation's contribution in the analysis was equal to the 
number of exposure days for that observation divided by the 
total number of exposure days from all observations. Data 
were analyzed using the Reg Procedure of the SAS Statistical 
Package (Version 6.12, Dilorio 1991). 
The closest distance between centroids of fields used in 
data analysis was 924 m. Thus, at the 500 m spatial scale, 
only two fields had overlaj^ ing habitat coverages, and the 
field coverages can be considered independent. At the 1000 m 
spatial scale, only 5 pairs of coverages had > 15% overlap. 
However, at larger spatial scales, particularly at 2000 m, 
overlap was extensive and only 8 coverages would have non-
overlapping buffers. Originally, due to small san^ le size, 
results were to be considered significant if P < 0.10. In 
order to account for lack of independence of habitat 
coverages, however, results were considered significcmt if P 
< 0.05 at all spatial scales. This P value was derived by 
using the F value associated with a test with 1,6 d.f. (i.e., 
degrees of freedom associated with a statistical test 
assuming we used 8 independent coverages) to denote 
significance as opposed to 1,18 d.f. (i.e., degrees of 




Landscape structure and predator activity models.—^ At 
500 m, results of the stepwise linear regression analysis 
between nest success of ducks in fields, as calculated using 
the arcsine transformation of daily survival rate, planted 
cover core amount, and activity levels of fox, coyote, and 
badger resulted in a final model with the variables, coyote 
and badger activity (Table 5, Figs. 1 and 2). At 1000 m, 
1500 m, emd 2000 m, analyses between nest success, four 
landscape structure variables, and activity levels of fox, 
coyote, and badger resulted in final models with both pl2Lnted 
cover core eunount and badger activity (Table 5, Figs. 2 and 
3). 
At 500 m, results of the stepwise linear regression 
analysis between nest success of ducks, planted cover core 
amount, and activity levels of badger euid skunk resulted in a 
final mcxlel with badger activity (Table 6, Fig. 2). At 1000 
m, 1500 m, and 2000 m, analyses between nest success, four 
Icuidscape structure variables, and activity levels of badger 
and skunk resulted in final models with both planted cover 
core amount and badger activity (Table 6, Figs. 2 and 3). 
Landscape coa^ fosition and predator activity models,— 
Results of the stepwise linear regression analysis between 
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nest success of ducks, grassland amount, and activity levels 
of fox, coyote, and badger at 500 m resulted in a final model 
with coyote and badger activity (TcUble 7, Figs. 1 and 2). 
Results of the regression analysis between nest success, four 
landscape con^ sition variables, and activity levels of fox, 
coyote, euid badger resulted in a model with one significant 
varicUale at 1000 m, grassleuid amount (Table 7). At 1500 m 
and 2000 m, the models included both grassland amount and 
badger activity (Table 7, Figs. 2 and 4). 
Results of linear regression analyses between nest 
success of ducks, grassland amount, and activity levels of 
badger eUid skunk at 500 m resulted in a model with only one 
significant varicdale, badger activity (TcJsle 8, Fig. 2). 
Results of regression analyses between nest success, four 
IcUidscape coiq>osition veuriables, and activity levels of 
badger and skunk resulted in a model with one significant 
veiriable at 1000 m, grassland amount. At 1500 m and 2000 m, 
the models included both grassland amount and badger activity 
(T£ible 8, Figs. 2 and 4). 
Significant relationships between nest success, and 
activity levels of fox and skunk, planted cover patch 
density, pleuited cover core area density, wetland amount, and 
wetland edge density were not detected at any spatieU. scale 
for either landscape structure or ccxi^ sition models. 
163 
Discussion 
Landscape structure, and con^ sition of the predator 
community, are important factors influencing the nest success 
of ducks. In this study, the importance of these variables 
in predicting nest success in a field varied with spatial 
scale. At small spatial scales, activity levels of coyote 
euid badger were the most in^ rtant predictors of nest 
success. At large spatial scales, grassland amount or 
planted cover core amount was the most important vcuciable. 
One reason why grassland and planted cover core amount 
were not in^ rtant predictors of nest success at the 500 m 
scale may be that the habitat coverages contained only a 
small portion of the total area of large grassland fields and 
very little of the grassleuid in the surrounding landscape of 
those fields. This would result in coverages of small, 
isolated fields having equivalent amounts of grassland to 
Icurger fields in continuous landscapes. For exaii(>le, a 
circular CRP field with a 500 m radius that is surrounded by 
cropland would have the same proportion of grassland (100%) 
as a circular CBP field with a 5000 m radius if we calculated 
the proportion of grassland 500 m from the centroid of the 
field. The mean proportion of grassland surrounding the 
centroids of fields was 0.69 and ranged from 0.35 to 0.97 at 
the 500 m sceU.e. At 2000 m, the mean proportion of grassland 
was 0.41 and rcuiged from 0.10 to 0.76. Thus, at small 
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spatial scales, all habitat coverages had large amounts of 
grassland, and a relation between nest success and either 
grasslcuid amount or planted cover core amount would be 
difficult to detect. 
Duck nest success increases in landscapes with greater 
amounts of perennial grassland. Greenwood et al. (1995) 
found that duck nest success in the PPR of Canada increased 
in 1.6 X 16.0 km study areas as the funount of grassland in 
the landscape increased. In the PPR of Noirth and South 
Dakota, and northeastern Montana, Williams et al. (1999) 
observed that, as the amount of perennial grassland on 3.2 x 
3.2 km plots increased, the nest success of ducks increased. 
At comparable spatial scales, we found that duck nest success 
was greater in fields within landscapes with high proportions 
of perennial grassland or planted cover core. 
M. L. Phillips (unpubl. data) captured and monitored 
movements of 31 red fox emd 99 striped skunk within our four 
study areas concurrent with the nesting study to coa^ >are 
habitat selection of predators within study areas with 
contrasting eunounts of perennial grassland. Phillips found, 
using con^ sitional analysis, that plemted cover core was 
less frequently selected by red fox in the Medina and 
Hurdsfield study areas (the two study areas with the largest 
amounts of perennial grassland) coiiQ>ared to Litchville and 
Bowdon (plcuited cover core habitat is defined as planted 
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cover babitat that is > 50 m from any field edge). Because 
red fox less frequently selected planted cover core in our 
two study areas with the largest amounts of perennial 
grasslcuid, and previous reports of increased predation rates 
closer to edges (Pasitschniak-Arts and Ifessier 1995, 1996), 
we suspected that plcuited cover core amount was a more 
in^ rtant variable theui grassland eunount in predicting nest 
success. Because of the high correlation between the two 
variables, we elected not to include them in the same model. 
However, the partial R2 for grassland amount was greater at 
the 1000, 1500, and 2000 m scales (0.50, 0.49, and 0.45, 
respectively) than for planted cover core amount (0.30, 0.41, 
and 0.43, respectively). 
The lack of a positive relationship between nest success 
and wetland edge density, or wetland amount, was unexpected. 
Livezey (1981a, 1981b) and Crabtree et al. (1989) found that, 
as the minimum distance from water increased, duck nest 
survival also increased. For exa]q>le, Livezey (1981a) found 
that unsuccessful nests (mean - 158 m, SE « 12 m) were placed 
closer to wetlcuid edges th£Ui successful nests (mean - 219 m, 
SE = 50 m). M. L. Phillips (unpubl. data) observed high 
skunk euid fox activity levels near wetland edges, £Uid 
previous studies suggest that nests destroyed by skunks 
(Keith 1961), as well as raccoons (Fritzell 1978), were 
closer to water. Thus, we expected that landscapes with high 
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wetland edge densities or wetland amounts would have lower 
nest success. Not all studies, however, have found a 
positive relationship between nest success and distance to 
wetland edge. For example, Pasitschniak-Arts et al. (1998) 
found no effect of distance to wetland edge on hatching 
probability. 
Differences in con^ sition of the predator community may 
influence duck nest success. For example, in landscapes with 
similar heU^ itat compositions, Sovada et al. (1995) found that 
duck nest success was greater in study eureas where the coyote 
was the principal canid con^ cured to the red fox. Greenwood 
(1986) found an increase in nest success in WPA fields where 
striped skunk numbers had been reduced. Johnson et al. 
(1989) found that predation rates of nests were positively 
associated with red fox, Americeui crow, Corvas 
brachyrhynchos, and badger activity levels in the early 
portion of the breeding season, and with fox cuid striped 
skunk activity levels later in the breeding season. 
In our study, fields with high coyote and badger 
activity had higher nest success. One explanation for our 
results is that high coyote activity in a field may have 
resulted in lower use of that field by red fox (Sargeant et 
al. 1987, Sargeant euad Allen 1989). we do not know why 
increased badger activity was related to higher nest success 
of ducks, and suspect that the relationship is coincidental. 
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Johnson et al. (1989) found increased nest predation rate 
with increased badger activity early in the breeding season. 
However, the correlation between badger activity and daily 
predation rate was low (r = 0.03) and later in the breeding 
season the correlation was negative (r - -0.04). Badgers are 
most abundant in leuidscapes with much grassland, and feed 
primarily on small rodents (Sargecuit et al. 1993). If the 
presence of badgers was positively correlated with small 
rodent abundance, then the positive relationship between 
badger activity level and nest success could be a result of 
the positive relationship between waterfowl nest success and 
rodent abundance (Byers 1974, Weller 1979, Summers and 
Underbill 1987). Red fox are most likely to hunt for small 
mammals during the nesting season (Henry 1996), and if large 
numbers of small mammals are present, fox may be less likely 
to hunt for duck nests. Future studies are needed on the 
relation of badgers to duck nest success. 
We predicted that nest success would be negatively 
related to fox and skunk activity levels (Johnson et al. 
1989). One reason why we did not detect negative 
relationships may be that both predators were commonly found 
throughout the study area. For example, the osan activity 
level of fox and skunk in fields was 0.58 and 0.48, 
respectively. With relatively high activity levels in most 
fields, it would be difficult to detect an effect of skunk 
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and/or fox activity levels on nest success of ducks. 
Although predation is the primary cause of nest failure, 
Beauchan^  et al. (1996a) suggested that mammalian predation 
does not explain the long-term declines in nest success. 
Results from our study indicate that predator activity levels 
pcurtially explain nest success at small spatial scales. At 
larger spatial scales, however, the amount of perennial 
grassland may be a more iiq)ortant factor influencing nest 
success. Thus, efforts to increase waterfowl recruitment 
should focus on the direct intact of heUsitat loss, rather 
than its indirect consequences such as heJditat fragmentation 
(Fahrig 1997), and subsequent alteration of the predator 
community (Sargeant et al. 1993). Furthermore, factors most 
i]q)ortant at predicting duck nest success in fields may vary 
with spatial scale. 
Acknowledgements 
B. J. Danielson, J. J. Dinsmore, and D. Vleck reviewed 
earlier drafts of this manuscript. R. Woodw€ird provided 
considerable logistic and technical support. T. Lytle, J. 
Maul, A. Trimboli, and D. Ulaszewski searched for duck nests. 
M. Frame and D. Hugelen searched for predator tracks, we 
thank the leuidowners for allowing us to work on their leuid. 
Support for the work was provided by the Waterfowl Research 
Foundation, Mr. Dohn Broadwell, Mr. David F. Grohne, and 
169 
Ducks Unlimited Inc. through the Institute for Wetland and 
Waterfowl Research, Northern Prairie Wildlife Research Center 
(Biological Resources Division, U.S. Geological Survey), Iowa 
State University, Iowa Cooperative Fish emd Wildlife Research 
Unit (Biological Resources Division, U.S. Geological Survey), 
and Central Flyway Council. 
Literature Cited 
Ball, I. J., R. L. Eng, and S. K. Ball. 1995. Population 
density and productivity of ducks on Icurge grassland 
tracts in northcentral Montana. Wildlife Society 
Bulletin 23:767-773. 
Beauchan^ , W. D., T. D. Nudds, and R. G. Cleirk. 1996a. Duck 
nest success declines with euid without predator 
management. Journal of Wildlife Mcuiagement 60:258-264. 
Beauchaiq), w. D., R. R. Koford, T. D. Nudds, R. G. Clark, and 
D. H. Johnson. 1996b. Long-term declines in nest success 
of prairie ducks. Journal of Wildlife Management 60:247-
257. 
Bellrose, F. C. 1976. Ducks, geese, and swans of North 
America. Staclqiole Books, Harrisburg, Pennsylveuiia. 
Bergin, T. M., L. B. Best, K. E. Freemeirk, and K. J. Koehler. 
2000. Effects of landscape structure on nest predation 
in roadsides of a midwestem agroecosystem: a 
multiscale analysis. Landscape Ecology 15:131-143. 
170 
Bider, J. R. 1968. Animal activity in uncontrolled 
terrestrial communities as determined by a sand transect 
technique. Ecological Monographs 38:269-308. 
Byers, S. M. 1974. Predator-prey relationships on an lowa 
waterfowl nesting area. Transactions of the North 
Americcui Wildlife and Natural Resources Conference 
39:223-229. 
Chasko, 6. G., and J. E. Gates. 1982. Avian habitat 
suitability along a transmission-line corridor in an 
oak-hickory forest region. Wildlife Monographs 82:1-41. 
Cowardin, L. M., A. B. Sargeant, and H. F. Duebbert. 1983. 
Problems and potentials for prairie ducks. Naturalist 
34:4-11. 
Cred)tree, R. L., L. S. Broome, and M. L. Wolfe. 1989. Effects 
of habitat characteristics on gadwall nest predation and 
nest-site selection. Journal of Wildlife Management 
53:129-137. 
Dilorio, F. C. 1991. SAS applications programming: a gentle 
introduction. Duxbury Press, Pacific Grove, California. 
Dijak, W. D., and F. R. Thon^ son, III. 2000. Landscape and 
edge effects on the distribution of mamnalian predators 
in Missouri. Journal of Wildlife Management 64:209-216. 
Fahrig, L. 1997. Relative effects of habitat loss and 
fragmentation on population extinction. Journal of 
wildlife Management 61:603-610. 
Fleskes, J. P., and E. E. Klaas. 1991. Dabbling duck 
recruitmen-t in relation to heUditat and predators at 
Union Slough National Wildlife Refuge, Iowa. U.S. 
Department of the Interior, Fish and Wildlife Service, 
Fish and Wildlife Technical Report 32, Washington, D.C. 
Freemark, K. E., J. B. Dunning, S. J. Hejl, and J. R. Probst. 
1995. A landscape ecology perspective for research, 
conservation, and management. Pages 381-427 in T. E. 
Martin and D. H. Finch, editors. Ecology and m£uiagement 
of Neotropical migratory birds: a synthesis and review 
of critical issues. Oxford University Press, New York, 
New York. 
Fritzell, E. K. 1978. Hcibitat use by prairie raccoons during 
the waterfowl breeding season. Journal of Wildlife 
Management 42:118-127. 
Gates, J. E., and L. W. Gysel. 1978. Avian nest dispersion 
and fledging success in field-forest ecotones. Ecology 
59:871-883. 
Greenwood, R. J. 1986. Influence of striped skunk removal on 
upland duck nest success in North Dakota. Wildlife 
Society Bulletin 14:6-11. 
Greenwood, R. J., A. B. Sargeant, D. H. Johnson, L. M. 
Cowardin, and T. L. Shaffer. 1995. Factors associated 
with duck nest success in the Prairie Pothole Region of 
Canada. Wildlife Monographs 128:1-57. 
172 
Henry, J. D. 1996. Red fox. Smithsonian Institution Press, 
Washington, D.C. 
Higgins, K. F., L. H. Kirsch, and I. J. Ball, Jr. 1969. A 
cable chain device for locating duck nests. Journal of 
Wildlife Management 33:1009-1011. 
Johnson, D. H. 1979. Estimating nest success: the Hayfield 
method and an alternative. Auk 96:651-661. 
Johnson, D. H. 1980. The conf)eu:ison of usage and availability 
measurements for evaluating resource preference. Ecology 
61:65-71. 
Johnson, D. H., A. B. Sargeant, and R. J. Greenwood. 1989. 
In^ rtance of individual species of predators on nesting 
success of ducks in the CanadieUi Prairie Pothole Region. 
Canadieui Journal of Zoology 67:291-297. 
Kantrud, H. A. 1993. Duck nest success on Conservation 
Reserve Program land in the prairie pothole region. 
Journal of Soil and Water Conservation 48:238-242. 
Keith, L. B. 1961. A study of waterfowl ecology on small 
impoundments in southeastern Alberta. Wildlife 
Monographs 6:1-88. 
Klett, A. T., H. F. Duebbert, C. A. Faanes, suid K. F. 
Higgins. 1986. Techniques for studying nest success of 
ducks in upleuid habitats in the Prairie Pothole Region. 
Resource Publication 158, United States Depcirtment of 
173 
tbe Interior, Fish and Wildlife Service, Washington, 
D.C. 
Klett, A. T., T. L. Shaffer, and D. H. Johnson. 1988. Duck 
nest success in the Prairie Pothole Region. Journal of 
wildlife Management 52:431-440. 
Livezey, B. C. 1981a. Duck nesting in retired croplands at 
Horicon National Wildlife Refuge, Wisconsin. Journal of 
Wildlife Management 45:27-37. 
Livezey, B. C. 1981b. Location and success of duck nests 
evaluated through discriminant analysis. Wildfowl 32:23-
27. 
Mayfield, H. F. 1975. Suggestions for calculating nest 
success. Wilson Bulletin 87:456-466. 
McGarigal, K., and B. J. Marks. 1994. FRAGSTATS: spatial 
pattern analysis program for quantifying landscape 
structure. Version 2.0. Forest Science Depcurtment, 
Oregon State University, Corvallis, Oregon. 
Miller, M. R., and D. C. Duncan. 1999. The northern pintail 
in North America: status cuid conservation needs of a 
struggling population, wildlife Society Bulletin 27:788-
800. 
Pasitschniak-Arts, M., euid F. Messier. 1995. Risk of 
predation on waterfowl nests in the Cemadian prairies: 
effects of habitat edges and agricultural practices. 
Oikos 73:347-355. 
174 
Pasitschniak-Arts, M., and F. Messier. 1996. Predation on 
artificial duck nests in a fragmented prairie landscape. 
Ecoscience 3:436-441. 
PasitschnieUc-Arts, M., R. G. Clark, and F. Messier. 1998. 
Ouck nesting success in a fragmented prairie landscape: 
is edge effect important? Biological Conservation 85:55-
62. 
Pedlar, J. H., L. Fahrig, and E. G. Merriam. 1997. Raccoon 
habitat use at 2 spatial scales. Journal of Wildlife 
Management 61:102-112. 
Probst, J. R., and F. R. Thompson, III. 1996. A multi-scale 
assessment of the geographic and ecological distribution 
of midwestern Neotropical migratory birds. Pages 22-40 
In F. R. Thoiq)son, III, editor. Management of midwestern 
landscapes for the conservation of Neotropical migratory 
birds. United States Depcurtment of Agriculture Forest 
Service, General Technical Report NC-187. 
Rosenblatt, D. L., E. J. Heske, S. L. Nelson, D. M. Barber, 
M. A. Miller, and B. MacAllister. 1999. Forest fragments 
in east-central Illinois: islands or habitat patches 
for mammals? American Midland Naturalist 141:115-123. 
Sargeant, A. B., £md P. M. Arnold. 1984. Predator management 
for ducks on waterfowl production areas in the Northern 
Plains. Proceedings Eleventh Vertebrate Pest Conference 
11:161-167. 
Sargeant, A. B., S. H. Allen, and J. O. Hastings. 1987. 
Spatial relations between syn^ atric coyotes and red 
foxes in North Dakota. JoumcJ. of Wildlife Management 
51:285-293. 
Sargeant, A. B., euid S. H. Allen. 1989. Observed interactions 
between coyotes and red foxes. Journal of Mammalogy 
70:631-633. 
Sargeeuit, A. B., R. J. Greenwood, M. A. Sovada, cuid T. L. 
Shaffer. 1993. Distribution and abundance of predators 
that affect duck production - Prairie Pothole Region. 
1993. United States Department of the Interior, Fish cuid 
Wildlife Service, Resource Publication 194, Washington, 
D.C. 
Small, M. F., and N. L. Hunter. 1988. Forest fragmentation 
and avian nest predation in forested landscapes. 
Oecologia 76:62-64. 
Sovada, M. A., A. B. Sargeant, and J. W. Grier. 1995. 
Differential effects of coyotes and red foxes on duck 
nest success. Journal of wildlife Management 59:1-9. 
Summers, R. W., and L. G. Underbill. 1987. Factors related to 
breeding production of breuit geese Branta b. bernicla 
and waders (Charadrii) on the Tain^  Peninsula. Bird 
Study 34:161-177. 
Vickery, P. D., M. L. Hunter, Jr., and J. V. Wells. 1992. 
Evidence of incidental nest predation eUid its effects on 
nests of threatened grassleuid birds. Oikos 63:281-288. 
Weller, M. w. 1979. Density and heibitat relationships of 
blue-winged teal nesting in northwestern Iowa. Journal 
of wildlife Management 43:367-374. 
Williams, B. K., M. D. Koneff, and D. A. Smith. 1999. 
Evaluation of waterfowl conservation under the North 
American Waterfowl Management ?lan. Journal of Wildlife 
Mcuiagement 63:417-440. 
Zax, J. H. 1984. Biostatistical analysis, 2nd edition. 
Prentice Hall, Inc., Englewood Cliffs, New Jersey. 
177 
Table 1. Habitat con^ sition (%) of four study areas used 
during the 1996-1997 waterfowl breeding seasons in the 
Prairie Pothole Region of central North Dakota. 
Percent of study area comprised of; 


















1 Planted cover was coiq>rised of Conservation Reserve 
Program, Water Bank Program, and Waterfowl Production Area 
fields. 
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Table 2. Mean, steuideurd deviation (SD), and minimum and 
maximum values of 10 independent variables used in stepwise 
linear regression analyses with nest success of ducks in 
fields of four study areas used during the 1996-1997 
waterfowl breeding seasons in the Prairie Pothole Region of 
central North Dakota. 
Spatial scale and 
vcuricible Mean SD Minimum Maximum 
500 m 
Foxi 0.58 0.74 0 2.50 
Coyote 0.12 0.34 0 1.50 
Badger 0.06 0.12 0 0.50 
Skunk 0.48 0.58 0 2.00 
Planted cover patch 3.14 2.05 1 .28 7.68 
density (#/100 ha) 
Pleuited cover core 4.29 3.12 1 .28 11.5 
area density 
(#/100 ha) 
Grass leuid amount 0.69 0.19 0 .35 0.97 
(proportion) 
Planted cover core 0.29 0.18 0 .07 0.66 
amount (proportion) 
Wetland amount 0.15 0.14 0 .02 0.65 
179 
Table 2. (continued) 
(proportion) 
Wetland edge density 71.0 
(m/ha) 
1000 m 
Planted cover patch 1.47 
density 
Planted cover core 2.35 
area density 
Grassland amount 0.50 
Planted cover core 0.20 
amount 
Wetland amount 0.17 
Wetland edge density 80.5 
1500 m 
Planted cover patch 1.11 
density 
Planted cover core 1.61 
area density 
Grasslcund amount 0.44 
PlcUited cover core 0.16 
amount 
41.1 18.0 197 
0.60 0.64 2.56 
1.10 0.96 4.80 
0.22 0.20 0.91 
0.14 0.05 0.51 
0.09 0.06 0.36 
35.0 36.0 174 
0.51 0.43 2.28 
0.86 0.43 3.70 
0.19 0.15 0.79 
0.12 0.04 0.43 
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Table 2. (continued) 
Wetland amount 0.17 0.07 0.08 0.37 
Wetland edge density 79.3 24.6 48.2 132 
2000 m 
Planted cover patch 0.94 0.40 0.32 1.84 
density 
Planted cover core 1.41 0.62 0.32 2.64 
curea density 
Grassland amount 0.41 0.19 0.10 0.76 
Planted cover core 0.14 0.10 0.04 0.39 
amount 
Wetland amount 0.17 0.06 0.10 0.35 
Wetland edge density 78.1 19.9 50.7 126 
1 Mean, SD, and minimum and maximum values for fox. 
coyote, badger, and skunk activity indices are the same at 
all spatial scales. 
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Table 3. Correlation coefficients among fox, coyote, badger, 
and skunk activity indices in 20 CRP or V9BP fields within 
four study areas used during the 1996-1997 waterfowl breeding 
seasons in the Prairie Pothole Region of central North 
Dakota. 









Table 4. Correlation coefficients cunong explanatory variables used in stepwise linear 
regression analyses with nest success of ducks in fields of four study areas used 
during the 1996-1997 waterfowl breeding seasons in the Prairie Pothole Region of 
central North Dakota. 
Spatial scale 
and variable PCCA PCCAD GA WA WED FOX COyOTE BADGER SKUNK 
500 m 
Planted cover patch -0.53 0.59 -0.50 0.49 0.65 0.35 -0.15 0.07 0.43 
density 
Planted cover core -0.56 0.78 -0.52 -0.59 -0.36 0.33 -0.20 -0.06 
amount (PCCA) 








area density (PCCAD) 
Grassland amount (GA) -0.58 -0.43 -0.24 0.22 0.06 -0.12 
Wetland amount (NA) 0.59 0.26 -0.13 0.20 0.15 
Wetland edge density (HBD) 0.50 -0.18 0.61 0.39 
Table 4. (continued) 
1000 m 
Planted cover patch 
density 
Planted cover core 
amount 




Wetland edge density 
1500 m 
Planted cover patch 
density 
Planted cover core 
amount 
Planted cover core 
0.16 0.38 -0.11 0.37 
-0.09 0.83 -0.32 
-0.05 0.10 
-0.34 
0.38 0.46 -0.29 0.26 
-0.04 0.87 -0.33 
0.51 0.34 -0.13 0.25 0.25 
-0.39 -0.21 0.26 -0.03 0.02 






0 .12  
-0.13 
-0.24 





0 . 1 2  
0.33 0.03 -0.20 -0.20 0.22 
-0.37 -0.00 0.24 0.13 0.07 
0.16 0.52 -0.11 0.14 0.17 
Table 4. (continued) 
area density 
Grassland amount -0.15 
Wetland amount 
Wetland ed9e density 
2000 m 
Planted cover patch -0.02 
density 
Planted cover core 
amount 




Wetland edge density 
0.46 0.14 0.18 
-0.14 0.87 -0.20 
-0.19 0.02 
-0.04 




0 . 2 2  









0.22 -0.05 -0.18 -0 .02  0.10  
-0.29 0.11 0.31 0.19 0.12  
0.14 0.31 -0.14 0 .02  0 . 1 0  
-0.16 0.12 0.34 0.15 0.11 
0.76 -0.14 -0.20 -0.16 -0.25 
0.10 -0.33 0.13 0.00 
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Table 5. Results of stepwise linear regression analyses 
between nest success of ducks in fields as measured using the 
arcsine transformation of daily survival rate in central 
North Dakota during the 1996-1997 breeding seasons, and the 
following landscape structure cuid predator activity 
variables: planted cover patch density, pleuited cover core 
area density, planted cover core amount, wetland edge 
density, and activity levels of fox, coyote, and badger. 
Analyses were conducted at four spatial scales (500, 1000, 
1500, euid 2000 m) from the centroid of the portion of the 
field within the study area. 
Spatial scale and Parameter Partial 
variable estimate SE P F R2 
500 ml 
Intercept 1.2826 0.0155 0.0001 6889 
Coyote 
Badger 
0.0827 0.0369 0.0387 5.02 0.16 
0.3397 0.1147 0.0087 8.77 0.28 
1000 m 
Intercept 1.2611 0.0209 0.0001 3646 
PlcUited cover 0.0013 0.0006 0.0334 5.36 0.17 
core eunount 
Badger 0.3246 0.1139 0.0111 8.12 0.28 
1500 m 
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Table 5. (continued) 
Intercept 1.2621 0.0185 0.0001 4639 
Planted cover 0.0017 0.0006 0.0145 7.41 0.29 
core eunount 
Badger 0.2891 0.1101 0.0178 6.89 0.20 
2000 m 
Intercept 1.2620 0.0180 0.0001 4910 
Planted cover 0.0020 0.0007 0.0111 8.12 0.30 
core amount 
Badger 0.2944 0.1083 0.0146 7.40 0.21 
1 Because of the high correlations (r > 0.50) among 
landscape vcuriables, the only landscape variable used in 
models at the 500 m spatial scale was planted cover core 
amount. 
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Table 6. Results of stepwise linear regression analyses 
between nest success of ducks in fields as measured using the 
arcsine transformation of daily survival rate in central 
North Dakota during the 1996-1997 breeding seasons, and the 
following landscape structure and predator activity 
variables: pleuited cover patch density, plcuited cover core 
area density, planted cover core amount, wetlcuid edge 
density, and activity levels of badger and skunk. Analyses 
were conducted at four spatial scales (500, 1000, 1500, and 
2000 m) from the centroid of the portion of the field within 
the study curea. 
Spatial scale and Parameter Pcurtial 





1.2971 0.0155 0.0001 7003 
0.3338 0.1268 0.0169 6.93 0.28 
Intercept 1.2611 0.0209 0.0001 3646 
Planted cover 0.0013 0.0006 0.0334 5.36 0.17 
core amount 
Badger 0.3246 0.1139 0.0111 8.12 0.28 
1500 m 
Intercept 1.2621 0.0185 0.0001 4639 
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Table 6. (continued) 
Planted cover 0.0017 0.0006 0.0145 7.41 0.29 
core amount 
Badger 0.2891 0.1101 0.0178 6.89 0.20 
2000 m 
Intercept 1.2620 0.0180 0.0001 4910 
Planted cover 0.0020 0.0007 0.0111 8.12 0.30 
core amount 
Badger 0.2944 0.1083 0.0146 7.40 0.21 
B^ecause of the high correlations (r > 0.50) among 
landscape variables, the only Icuidscape variable used in 
models at the 500 m spatial scale was planted cover core 
amount. 
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Table 7. Results of stepwise linear regression analyses 
between nest success of ducks in fields as measured using the 
arcsine transformation of daily survival rate in central 
North Dakota during the 1996-1997 breeding seasons, and the 
following landscape con^ sition and predator activity 
varicibles: planted cover patch density, planted cover core 
area density, grassland amount, wetland amount, and activity 
levels of fox, coyote, and badger. Analyses were conducted 
at 4 spatial scales (500, lOOO, 1500, and 2000 m) from the 
centroid of the portion of the field within the study area. 
Spatial scale and Pcurameter Partial 












1.2826 0.0155 0.0001 6889 
0.0827 0.0369 0.0387 5.02 0.16 
0.3397 0.1147 0.0087 8.77 0.28 
1.2216 0.0285 0.0001 1840 
0.1293 0.0434 0.0085 8.86 0.40 
0.2315 0.1113 0.0529 4.33 0.12 
1.2260 0.0266 0.0001 2126 
0.1451 0.0475 0.0072 9.33 0.38 
Table 7. (continued) 
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Badger 0.2578 0.1078 0.0286 5.72 0.16 
2000 m 
Intercept 1.2295 0.0250 0.0001 2414 
Grassland amount 0.1457 0.0465 0.0060 9.83 0.35 
Badger 0.2845 0.1051 0.0149 7.33 0.20 
1 Because of the high correlations (r > 0.50) among 
landscape variables, the only landscape vcuriable used in 
models at the 500 m spatial scale was grassland amount. 
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Table 8. Results of stepwise linecuc regression analyses 
between nest success of ducks in fields as measured using the 
arcsine transformation of daily survival rate in central 
North Dakota during the 1996-1997 breeding seasons, and the 
following landscape coiQ)osition and predator activity 
variables: plcuited cover patch density, planted cover core 
area density, grassland amount, wetland amount, and activity 
levels of badger and skunk. Analyses were conducted at 4 
spatial scales (500, 1000, 1500, euid 2000 m) from the 
centroid of the portion of the field within the study area. 
Spatial scale and Parameter Partial 
veuricUsle estimate SE P F R2 
500 ml 
Intercept 1.2029 0.0547 0.0001 483.7 
Grassleuid amount 0.1246 0.0697 0.0917 3.20 0.11 
Badger 0.2672 0.1254 0.0480 4.54 0.28 
1000 m 
Intercept 1.2216 0.0285 0.0001 1840 
Grassland euoount 0.1293 0.0434 0.0085 8.86 0.40 
Badger 0.2315 0.1113 0.0529 4.33 0.12 
1500 m 
Intercept 1.2260 0.0266 0.0001 2126 
Grasslemd cunount 0.1451 0.0475 0.0072 9.33 0.38 
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Table 8. (continued) 
Badger 0.2578 0.1078 0.0286 5.72 0.16 
2000 m 
Intercept 1.2295 0.0250 0.0001 2414 
Grassland amount 0.1457 0.0465 0.0060 9.83 0.35 
Badger 0.2845 0.1051 0.0149 7.33 0.20 
1 Because of the nigh correlations (r > 0.50) among 
landscape varicd>les, the only landscape varicdsle used in 
models at the 500 m spatial scale was grassland amount. 
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Fig. 1. Relationship between Mayfield nest success of ducks 
in fields and coyote activity level at four study areas in 
central North Dakota during the 1996-1997 waterfowl breeding 
seasons. Dashed lines are the 95% confidence limits of 
expected values of the mecui for each coyote activity level. 
Fig. 2. Relationship between Mayfield nest success of ducks 
in fields euid badger activity level at four study areas in 
central North Dakota during the 1996-1997 waterfowl breeding 
seasons. Dashed lines are the 95% confidence limits of 
expected values of the mean for each badger activity level. 
Fig. 3. Relationship between Mayfield nest success of ducks 
in fields eUid the proportion of plcuited cover core within 
1500 m of the field's centroid at four study areas in central 
North Dakota during the 1996-1997 waterfowl breeding seasons. 
Dashed lines are the 95% confidence limits of expected values 
of the mean for each planted cover core area amount. 
Fig. 4. Relationship between Mayfield nest success of ducks 
in fields and the proportion of perennial grasslaind within 
1500 m of the field's centroid at four study areas in central. 
North Dakota during the 1996-1997 waterfowl breeding seasons. 
Dashed lines are the 95% confidence limits of expected values 
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CHAPTER 6. GBHBRJkL COHCLUSZOMS 
Cteaeral Discussion 
I investigated how: 1) the occurrence and abundance of 
grassland songbirds was influenced by within-patch, patch, 
and landscape features, and 2) the nest success of upland-
nesting ducks was influenced by patch and landscape features, 
and predator community conqposition. The study took place in 
the Prairie Pothole Region of central North Dakota during the 
1996-1997 breeding seasons within two types of 6.4 x 6.4 km 
study cureas with 15-20% and 51-55% perennial grassland, 
respectively. 
In Chapter 2, I outline the variable area-sensitivity 
hypothesis to explain contrasting results of studies 
investigating the relationships between songbird occurrence, 
and cdaundance, and field size. The hypothesis states that 
the relationships between species occurrence, and abundance, 
and field size will veury with the amount of nesting habitat 
in the landscape (e.g., Rosenberg et al. 1999). Landscape 
ccniposition influenced the relation between relative 
abundcuice and field size for three grassleuid songbird species 
in North Dakota: Grasshopper Spcurrow, Aanodramus savannarum, 
Bobolink, Dolichonyx oryzivorus, and Red-winged Blackbird, 
Agelaias pboeniceus. As the amount of perennial grassland in 
the landscape increased, the species' cibundance in smaller 
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fields increased. 
From 1988 to 1997, emergency haying took place on over 
1,175,000 ha of grassland fields enrolled in the Conservation 
Reserve Program in North Dakota (Kruse 1998). Despite this 
widespread mowing, we know little edx>ut the effect of 
emergency haying on grassland songbirds (Igl emd Johnson 
1995). In Chapter 3, I excunined grassland bird abundance the 
yecir following mowing of Conservation Reserve Program fields. 
I found that Sedge Wrens, Cistothorus platensis, were more 
abundant in idled portions of grassland fields, %rtiereas 
Sav€mnah Sparrows, Passerculus sandwicJiensis, were more 
abundant in portions of fields that were mowed the previous 
year. Thus, periodic mowing of Conservation Reserve Progrcun 
fields would allow grassleuid birds with different habitat 
requirements to occupy a field concurrently (Dale et al. 
1997). 
Chapter 4 investigates the influence of landscape 
composition on the relationships between: 1) duck nest 
success euid field size, and 2) probability of an individueU. 
duck nest hatching and distance to field and wetland edges. 
Nest success of ducks in fields increased as field size 
increased, and was greater in study areas with 51-55% 
grassland coii^ >ared to 15-20% grassland. In study areas with 
15-20% perennial grassland, I did not detect a relationship 
between probability of hatching and distance to nearest field 
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edge, and probability of hatching was low. In study areas 
with 51-55% grassland, I found a positive relationship 
between probeUsility of hatching smd distance to nearest field 
edge. From this study, I conclude that: 1) nest success was 
highest in Icurge fields in landscapes with Icurge amounts of 
perennial grassland, and 2) the high nest success in Icurge 
fields in landscapes with Icirge amounts of perennial 
grassland may be due to the high probeibility of nests 
hatching far from field edges. 
I examined the effects of landscape structure and 
predator community con^ sition on the nest success of ducks 
in fields at multiple spatial scales in Chapter 5. At 500 m, 
I found positive relationships between activity levels of 
coyote, Canis latreuis, and badger, Taxldea taxus, and duck 
nest success. At 1000, 1500, cuid 2000 m, I found positive 
relationships between nest success of ducks, euid proportion 
of perennial grassleuid, or planted cover core, euid badger 
activity. Thus, factors iiqwrtant in predicting duck nest 
success vary with spatial scale. At small spatial scales, 
predator activity levels were the most inqoortant predictors 
of nest success, tirtiile at leirge spatial scales the proportion 
of perennied. grassland or planted cover core were most 
influenti2U.. 
Grassl£uid songbirds and upland-nesting ducks have 
experienced declines in population size and loner nesting 
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success in recent decades (Igl euid Johnson 1997, Beauchan^  
1996). One reason for these declines is habitat loss and 
fragmentation (Cowardin et al. 1983, Herkert 1994). I found 
that Icuidscape coiq>osition influenced results of habitat 
fragmentation studies (Andr^ n 1994), eUid more specifically, 
the relationships between: 1) relative cUsundance of 
grassland songbirds eUid field size, and 2) probability of a 
duck nest hatching and distance to nearest field edge. 
Future studies examining the influence of habitat loss and 
fragmentation on grassland eUid wetland birds should take into 
account the landscape context in which the study took place. 
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